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ABSTRACT 
THE USE OF COMPUTER-ASSISTED INSTRUCTION IN 
THE TEACHING OF HANDWRITING SKILLS 
SEPTEMBER 1993 
PAULA TORRES ORTIZ, B.A., UNIVERSITY OF PUERTO RICO 
M.Ed., UNIVERSITY OF MASSACHUSETTS AMHERST 
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Dr. Luis Fuentes 
The purpose of this research was to determine whether 
the use of computer-assisted instruction (CAI) would 
enhance the teaching of handwriting skills. There is only 
one commercially available courseware for handwriting 
instruction and very little research in this area has been 
conducted. In view of the paucity of research, this 
investigator explored the effects of the use of CAI on the 
handwriting skills of Spanish-speaking children between 
the ages of 4 and 7 years. Subjects were randomly divided 
into three groups: Group 1 received traditional hand¬ 
writing instruction. Group 2 participated in CAI, and 
Group 3 participated in CAI but also was given reinforce¬ 
ment. Pretests were administered to establish an initial 
baseline for each subject. Progress was measured weekly 
in order to determine the impact of the interventions. 
One-way analysis of variance (ANOVA) was used to compare 
vi 
mean number of letters correctly written by each group 
each week. A significant difference in mean number of 
letters correctly written existed among the three groups 
of subjects at Week 5 (£ = .04) and Week 6 (jd = .019). 
Scheffe procedures revealed CAI with reinforcement 
resulted in significantly (£ < .05) greater improvement in 
handwriting skills than did traditional instruction. It 
may be concluded from these results that CAI with 
reinforcement can greatly enhance the learning of 
handwriting skills. 
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The following terms are defined to facilitate a 
better understanding of this research. 
Assessment. Assessment is a process of collecting 
and organizing the relevant information about the client, 
subject, or student [Chia, cited in Alston & Taylor, 1986]. 
Baseline. Baseline is the strength or level of a 
behavior before an experimental (independent) variable or 
procedure is introduced [Sulzer-Azaroff & Mayer, 1986] . 
Coefficient of correlation. Coefficient of 
correlation is a measure of the extent to which two 
variables are related, the lowest correlation is 0 and the 
highest is +/-1.0 {Sax, 1980]. 
Criterion level. The criterion level is the standard 
used to indicate when a behavioral goal has been reached 
in order to evaluate the success of a given intervention 
[Sulzer-Azaroff & Mayer, 1986] . 
Lateralization. Lateralization is an awareness of 
left and right direction and an internalization of this 
knowledge [Alston & Taylor, 1987]. 
Measurement. Measurement consists of the assignment 
of numbers to attributes or characteristics of the child 
according to explicit formulations, rules, or norms [Sax, 
1980]. 
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Modeling. Modeling is a stimulus control procedure 
that uses demonstration to prompt an imitative behavior, 
the "show" procedure [Sulzer-Azaroff & Mayer, 1986], 
Multiple-baseline design. Multiple-baseline design 
is an experimental design that involves collecting 
baselines on the same behavior from several different 
groups over time and over interventions [Sulzer-Azaroff & 
Mayer, 1986]. 
Positive reinforcement. Positive reinforcement is a 
procedure that maintains or increases the rate of a 
response by contingently presenting a stimulus following 
the response, for example, praise, attention, recognition, 
or tangible rewards [Sulzer-Azaroff & Mayer, 1986]. 
Prompts. Prompts are an auxiliary discriminative 
stimulus presented in order to occasion a given response. 
Prompts are usually faded before the terminal goal is 
judged to have been achieved, for example, parts of the 
letters to be produced [Sulzer-Azaroff & Mayer, 1986]. 
Reliability. Reliability is the extent to which a 
measurement can be depended on to provide consistent, 
unambiguous information [Sax, 1980]. 
Token economy. Token economy is a symbol or object 
that can be exchanged at a later time for a "back-up 
reinforcer," for example, an item or an activity 
[Sulzer-Azaroff & Mayer, 1986] . 
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Traditional teaching techniques for handwriting. 
Traditional teaching techniques for handwriting include 
having the student copy letters modeled by the teacher on 
the chalkboard or in the child's notebook, having the 
student copy letters already printed on flash cards or in 
workbooks, and having the student trace letters in a 




The purpose of this study was to demonstrate (a) that 
elementary school children can acquire or improve their 
handwriting skills through computer-assisted instruction 
and (b) that teachers can increase the time on task of 
students without increasing the total time spent on 
handwriting instruction or changing the class format. 
Most classroom formats include a time for individual 
unsupervised seat work while the teacher works with small 
reading groups. By using computer-assisted instruction, 
teachers can introduce handwriting skills to the entire 
class. Students can then practice letter formation on 
computers during mainstream class seat-work time, resource 
room time, and Chapter I educational services time. 
Traditionally, teachers allocate very little time to 
handwriting instruction [Hillerich, cited in Bradley- 
Johnson & Lesiak, 1989]. Universities and colleges that 
train elementary school teachers dedicate very little time 
to instruction in how to teach handwriting [Nelly, 1982] . 
Many students therefore possess very poor penmanship 




Ball [1986] stated that handwriting is one of the 
most poorly taught subjects in the language arts 
curriculum. The teaching of handwriting does not appear 
to have the same importance as the teaching of creative 
writing, spelling, and reading. Handwriting is commonly 
taught in isolation and thus it is deprived of the 
intrinsic reinforcement of its functional purpose: 
communication [Savage, 1977]. In spite of this trend 
there is a renewed concern for the total writing process 
and the dearth of research available [Tiedt, 1983]. 
The teaching of handwriting is based primarily on 
teacher's preference, popularity, and practice rather than 
on research findings [Askov & Peck, 1982; Peck, Askov & 
Fairchild, 1980; Sachs & Logan, 1985; Savage, 1977]. 
Formal instruction in handwriting is based on commercially 
produced materials, in fact 95% of instructional material 
for handwriting is commercially produced. Both teachers 
and publishers have neglected to use research findings in 
their decision making [Tiedt, 1983] . 
Tarnapol and de Feldman [1987] conducted a 
multicultural study of handwriting teaching practices in 
San Francisco, California; Southampton, England; Taipei, 
Republic of China; Hiroshima and Tokyo, Japan; and 
Caracas, Venezuela. They found there was no consensus in 
non-Asian countries about how to teach handwriting skills. 
The chief determinator of what was taught and how it was 
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taught was the teacher, not the curriculum guidelines from 
local educational authorities. 
Alston [1985] conducted a survey in Cheshire, 
England, and found that 3 out of 17 county schools had 
teachers who did not employ consistent handwriting 
techniques. Alston also pointed out that there were 
inconsistencies in the use of handwriting teaching 
techniques among schools and among districts. This lack 
of consistency in teaching handwriting prevents a student 
from developing adequate handwriting skills. Alston 
indicated that 21% of the children from 7 to 9 years of 
age in the junior grade in Cheshire were in need of 
assistance in handwriting. Results of another survey 
conducted in England by Alston and Taylor [1987] indicated 
that in some districts 12% of 6-year-old children and 20% 
of 9-year-old children spend no time in handwriting 
instruction. Children exhibited handwriting deficits 
because of the neglect of teaching this skill. 
Rubin and Henderson [1982] reported that according 
to elementary school teachers a significant number of 
children between the ages of 9 and 10 years exhibit 
handwriting difficulties. These researchers studied 20 
elementary school children with deficits in legibility and 
speed of handwriting and found a significant correlation 
between their deficits and the type of handwriting 
instruction they experienced. 
4 
In spite of these findings, very few in-service and 
teacher training programs include handwriting [Nelly, 
1982]. Most schools do not offer either individualized or 
formal handwriting instruction. Some individuals have 
predicted that handwriting would become obsolete during 
this age of technology. They argue that the teaching of 
handwriting is not important and even that handwriting is 
an outdated means of communication because modern society 
provides alternatives such as typewriters, word 
processors, and computers [Phelps & Stempel, 1987a, 
1987b]. Those who defend this position assume that 
everyone has access to sophisticated equipment. The 
reality is that many people continue to live in poverty 
and do not have access to equipment that some take for 
granted. Furthermore, the general population continues to 
use handwriting to fill out checks, to take notes, to 
complete job applications, to copy messages, to prepare 
grocery lists [Bradley-Johnson & Lesiak, 1989], and for 
personal correspondence. 
Peacock and Breese [1990] interviewed a group of 
secondary students after exposing them to word processors. 
They learned that students preferred handwriting and found 
it quicker for most writing tasks. Students depend on 
their handwriting skills through most of their academic 
life, especially from elementary through junior high 
school [Farris, 1991]. Both high school and college 
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students continue to write their essay tests in blue 
books. Koenke [1986] pointed out that in spite of the 
influence of the new technologies, the need to learn 
handwriting has not been replaced by sophisticated 
equipment. Many businesses waste time and money on 
scrambled orders, deliveries sent to a wrong address, 
mistakes on inventories, illegible sales slips, and 
undeliverable letters and packages [Savage, 1977] . 
It is also true that the quality of handwriting 
impacts on the clarity of the message and may interfere 
with or facilitate communication. When a written work is 
difficult to read or illegible, communication is 
diminished or negated [Savage, 1977]. Researchers have 
indicated that teachers waste time attempting to decode 
illegible handwriting and that they tend to give better 
grades on exams and essays that are legible [Chase, 1986; 
Hughes, Keeling, & Tuck, 1983; Sloan & McGinnis, 1978]. 
Students with poor handwriting tend to score lower on 
spelling tests regardless of their spelling skills because 
they write c's and e's, l's and t's that look alike. 
Students with poor handwriting skills cannot take complete 
notes and often turn in incomplete assignments. Hand¬ 
writing instruction improves writing ability because the 
student can spend more time on the process of composition 
rather than on the mechanics of penmanship [McKinlay, 
1986] . 
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Tarnopol and de Feldman [1987] conducted a study that 
spanned from 1980 to 1984. The sample consisted of 210 
ninth-grade girls from a parochial school in San Francisco, 
California. They were ages 13 to 15.9 years and 
represented a wide variety of cultural backgrounds. 
Tarnopol and de Feldman found that those who had poor 
penmanship 
indicated that this troubled them and for some 
influenced their enjoyment and achievement in 
school. These students represented 6% of the 
group and 5 of them had marked low self-esteem, 
as evidenced by their human figure drawings and 
comments they wrote on the questionnaire and 
various tests. [p. 214] 
In view of the scarcity of existing research on the 
teaching of handwriting skills, the impact of poor hand¬ 
writing on children's overall academic performance, and 
the need for consistent, effective techniques for teaching 
handwriting, this researcher designed a study with the 
following purposes: 
1. to determine whether use of computer-assisted 
instruction in the teaching of handwriting skills would 
result in significantly greater improvement than would 
traditional instruction; and 
2. to determine whether such improvement could be 
sustained after the instruction was terminated. 
In summary this study consisted of the implementation 
and comparison of three techniques for teaching hand¬ 
writing to Spanish-speaking children ranging from 4 to 7 
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years of age. To prepare for this study, the researcher 
conducted a review of pertinent literature. It included 
variables and factors that impact the quality of hand¬ 
writing, assessment and measurement of handwriting skills, 
manuscript versus cursive handwriting, sequence of 
teaching handwriting, and techniques for teaching hand¬ 
writing, including computer-assisted instruction. Because 
most of the literature found was on studies that were 
completed a number of years ago, this researcher read the 
primary sources but cited them through more recent 
secondary sources. Apparently no current research has 
been conducted on the teaching of handwriting. 
After the review of the literature was completed, the 
researcher conducted a study involving three teaching 
techniques: traditional copying and tracing, computer- 
assisted instruction, and computer-assisted instruction 
with reinforcement. These techniques were implemented and 
results were compared to see which one was the most 
effective. 
The chapters of this dissertation are organized as 
follows: Chapter 1 provides an introduction to and 
general overview of the study; Chapter 2 includes a review 
of the literature; Chapter 3 consists of a description of 
the methodology and procedures used and the limitations of 
the study; Chapter 4 contains the results of the study; 
and in Chapter 5 the results of the study are discussed, 
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implications for furthur research are presented, and the 
findings of the study are briefly summarized. 
CHAPTER 2 
REVIEW OF LITERATURE 
Variables That Impact Handwriting Skills 
It is important to look at certain variables and 
their possible effect on the legibility and speed of 
handwriting. Determining whether these variables have an 
effect on handwriting is crucial to the teaching and 
remediation of this skill. Literature on the following 
variables was examined: intellectual ability; perceptual 
and motor skills; laterality, directionality, and 
handedness; features of letters; instrument grip; body 
posture; type of writing instrument; and type of paper. 
Intellectual Ability 
The research concerning intellectual ability and 
its impact on handwriting is outdated. It appears that 
researchers discontinued such studies after failing to 
establish a relationship between acquisition of hand¬ 
writing skills and intelligence. 
Love [cited in Askov, Otto, & Askov, 1970] found that 
when the handwriting quality of exceptional children 
(children who have an IQ of 69 or below) was compared with 
that of children of average intelligence, the average 
students tended to write better than the exceptional 
9 
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students. However, he also found that when the hand¬ 
writing quality of average and exceptional students 
between 12 and 15 years of age was compared, the 
exceptional students scored significantly higher in 
quality on the Ayres scale but wrote significantly slower. 
Perron and Mignard [cited in Askov et al., 1970] 
found that exceptional students scored higher in 
handwriting achievement than expected on the basis of 
their intelligence. They concluded that the relative 
influence of intelligence depends on the stage of 
development of the child. Lewis [cited in Askov et al., 
1970] noted that first-grade level students' mental 
maturity was more closely related to writing errors before 
than after instruction; intelligence was no longer a 
factor in writing after instruction. 
Harris and Herrick [cited in Askov et al., 1970] 
stressed that it is important for the student to have an 
accurate perception of his or her handwriting quality. 
Once the student attains this perception, he or she can 
establish a standard of performance and work toward a 
level of mastery of handwriting. In this sense, 
intellectual ability may have an indirect impact on 
quality of handwriting. If the child is unable to 
perceive a need for improvement and assume that he or she 
is doing well, there will be no motivation to improve. 
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Perceptual and Motor Skills 
Furner [1985] contended that handwriting is a 
perceptual-motor learning process and that methods of 
instruction should reflect awareness of perceptual 
development in children. Most approaches to teaching 
handwriting treat it only as a motor process. Furner 
believed that the child must perceive a letter (visual 
process) during its formation as well perceive it as a 
finished product. She also believed that the child should 
verbalize (auditory process) the movement and direction 
(kinesthetic process) needed to form the letter. 
Other researchers have confirmed that handwriting is 
a perceptual-motor skill. Hayes [1982] reviewed studies 
done by Hirsch and Niedermeyer and by Askov and Groff who 
concluded that children need to visualize and internalize 
a model to copy during handwriting practice. Verbaliza¬ 
tion of necessary movements to form a letter draws 
attention to previously unnoticed features and improves 
visual memory of letters to be copied [Gibson, cited in 
Hayes, 1982]. Children learn handwriting by listening to 
a teacher's description of the movements necessary to form 
a letter (auditory prompt) while observing the formation 
of the letter (visual prompt) [Marckoff, cited in Hayes 
1982; Sovik, cited in Hayes, 1982]. 
Hayes [1982] conducted a study in which visual and 
auditory prompts were used in the teaching of handwriting. 
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He found that students performed significantly better when 
perceptual prompts were used. Alston and Taylor [1987] 
affirmed that handwriting is an integration of visual, 
auditory, and tactile skills and that weakness in one of 
these areas affects handwriting ability. They stated that 
a child has to be able to hear the sounds of the letters 
clearly without confusion (auditory skill), identify the 
names and discriminate the shapes of the letters (visual 
skill), and have the ability to produce the correct 
movements to form the letters (fine motor skill). 
According to Alston and Taylor [1987], children have 
to reach a certain level of maturity to be able to 
perceive letters correctly and exercise the necessary 
motor control to produce correct movements with their 
fingers. This level of maturity is assessed through the 
child's ability to copy basic geometric figures such as a 
circle, a cross, a square, a triangle, and a diamond. The 
child's ability to copy these figures improves with the 
maturity of visual-motor integration. 
A group of children were asked to perform a series of 
drawing tasks in a study conducted by Berch and Lefford 
[1967]. They were asked to complete freehand drawing 
tasks while looking at a model and freehand drawing from 
memory. They were also asked to trace an outline and 
connect dots. The researchers found that the younger 
children experienced difficulty in intersensory 
13 
integration of visual and fine motor skills. It was 
concluded that visual-motor integration in children ages 5 
to 7 is highly and significantly correlated with the 
ability to copy a visual model. 
These studies clearly indicate that the child's 
ability to perceive a letter through the senses—visual, 
auditory, and kinesthetic—is crucial for success in 
handwriting. It appears that a child's perceptual ability 
is related to his or her level of maturity and that this 
is a process that can be learned. Children with 
perceptual deficits may be able to learn how to compensate 
through remediation. 
Laterality, Directionality, and Handedness 
Laterality is an awareness of left and right and an 
internalization of this knowledge [Alston & Taylor, 1987]. 
It enables the child to orient himself or herself in the 
world around. If laterality is not well established, the 
child will have directional confusion. Pairs of letters 
that are very similar and only different in direction, 
such as b/d and p/q, are frequently reversed, whereas d/p, 
b/q, m/w, and f/t are rotated and inverted. This 
confusion is common until age 7 [Chapman, Lewis, & Wedell, 
cited in Alston & Taylor, 1987], One way of eliminating 
this confusion is to teach letters according to features 
to highlight differences; for example, b and d start at 
14 
different places and have different movement patterns 
[Alston & Taylor, 1987]. 
Neurologists have accepted the premise that the left 
hemisphere of the brain controls the right side of the 
body and the right hemisphere controls the left side 
[Lezak, 1983; Walsh, 1987], They also have agreed the 
motor area controlling hand function is in the left 
hemisphere and that most individuals write with the right 
hand [Alston & Taylor, 1987]. Because there are few 
left-handed individuals, instruction for handwriting is 
designed with the right-handed person in mind, which 
places those individuals who are left-handed at a 
disadvantage and predisposes them for greater handwriting 
difficulties [Alston & Taylor, 1987]. 
Alston and Taylor [1987] alleged there are two groups 
of left-handed people: (a) those who come from families 
in which the majority of members are left-handed and 
(b) those who developed the use of the left hand when 
they would otherwise be right-handed. The latter 
situation occurs when an area of the cerebral cortex does 
not develop as expected and another area of the cortex 
takes over its function. Individuals for which this 
happens were supposed to be right-handed and have hand- 
motor functions located in the left hemisphere of the 
brain. Their hand-motor function may be moved to the 
right hemisphere so that greater control is located in the 
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left hand, but the language area remains in the left 
hemisphere, creating a slight difference in the language- 
hand coordination. Springer [cited in Alston & Taylor, 
1987] acknowledged that the literature supports the idea 
of two different groups of left-handed people, but there 
is no conclusive evidence as to how they differ. Gordon 
[cited in Alston & Taylor, 1987] stated that those not 
originally intended to be left-handed have a very weak 
right hand. 
As previously stated, language and hand function are 
commonly controlled from the left hemisphere of the brain. 
This hemisphere includes the areas that control vision, 
auditory processing, language comprehension, and language 
production, as well as sensory-hand and motor-hand 
function. It is assumed that the neurological structures 
essential for completion of the writing tasks are not so 
well located and coordinated in left-handed individuals 
[Alston & Taylor, 1987], In a survey of 92,656 children 
in the United States conducted in 1962 by Enstrom [cited 
in Alston & Taylor, 1987], it was found that 12.5% of the 
boys and 9.7% of the girls were left-handed. A New 
Zealand study conducted in 1980 [cited in Alston & Taylor, 
1987] examined 3,788 students, ages 11 to 12 years of age, 
and found that 13% of the boys and 11% of the girls were 
left-handed. Smart and Richard [cited in Alston & Taylor, 
1987] found a significant increase in the incidence of 
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left-handedness in a group of 1,095 British 6-year-old 
children. They reported that 6.2% of the grandparents 
were left-handed, 10.6% of the parents were left-handed, 
and 17.5% of the grandchildren were left-handed. They 
assumed this increase was due to the fact that the 
grandparents were discouraged from using their left hand 
and that some of the 6-year-old children may not have 
their handedness established yet. Graham and Miller 
[1980] contended that one out of 10 children is left- 
handed, with boys outnumbering girls. 
Alston and Taylor [1987] found that left-handed 
students need to hold their writing instrument higher 
(3 cm from the point) than do right-handed students (2 cm 
from the point) in order to see what they write. They 
claimed that teachers create postural problems by 
insisting students place the paper squarely in front of 
them with the bottom parallel to the edge of the desk. 
Enstrom [cited in Alston & Taylor, 1987] stated that left- 
handed students need to turn their paper in a clockwise 
direction to the left. He also observed that some left- 
handed individuals adopt a hooked writing-tool position. 
He noted that the most effective technique requires the 
hand to be positioned below the writing line, not above. 
Guiard and Millerat [1984] found no significant 
neurological differences between left- and right-handed 
adults nor between those who use the conventional and 
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those who use the hooked writing position. They concluded 
that neither laterality nor neurological factors determine 
inverted (hooked) or below-the-line posture. They also 
observed that those who rotate the paper to the left use 
the hooked position, whereas those who rotate the paper to 
the right use the conventional hand position. On average, 
inverters slanted the paper by 15° to the left whereas 
those who use the conventional position slanted the paper 
32° to the right. These researchers proposed that the 
hooked hand position is a postural strategy developed as 
the child progresses through school and can be avoided. 
According to them, 
the right hand was placed just below the line of 
writing in a strikingly stereotyped manner. In 
these inverters, the right hand was usually 
nearer to the left of the page than the pencil 
tip. These writers cross their hands as the 
writing proceeds. [p. 536] 
During their research, Guiard and Millerat [1984] 
observed 
that left-handed individuals began their writing 
in a below-the-line position. It is then suggested 
there is difficulty in keeping the paper stationary 
because the writing tool is inclined to push the 
paper away from the writer. In order to avoid this 
situation, the supporting hand holds the paper on 
the left and below the point of the pencil. In 
order to proceed, the forehand then has to be 
placed horizontal rather than clockwise rotation of 
the sheet of paper. With this position established, 
the inverter's hand and writing instrument pull 
along the paper surface as the right-handed 
individual does and the paper is also held 
stationary. [p. 536] 
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Wellman [1983] cited studies that may indicate hand 
position, hooked versus noninverted, is related to 
hemispheric organization for language and spatial 
processes. She noted that one set of experiments 
conducted by Levy and Reid shows right-handed individuals 
who use the straight position and left-handed individuals 
who use the hooked position have a typical hemispheric 
specialization, that is, left hemispheric specialization 
for analytic, sequential, and language processes. Right- 
handed individuals who use the inverted position and 
left-handed persons who use the straight position have the 
opposite pattern, that is, left hemispheric specialization 
for spatial, nonverbal processes and right hemispheric 
specialization for sequential language processes. 
Wellman [1983] also reported studies done by McKeever 
and Hoff and by Mascavitch and Smith that indicated left- 
handed individuals using the inverted handwriting position 
appeared to have atypical hemispheric organization for 
visual-motor processes. It was concluded by the 
researchers that these individuals use the inverted 
position as an accommodation for their unusual hemispheric 
organization. Allen and Wellman [cited in Wellman, 1983] 
suggested that hand position changes as part of the 
developmental process. According to their observations, 
the child matures and establishes hand position between 
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kindergarten and 3rd grade and right-handed girls mature 
their hand position earlier than boys. 
Wellman [1983] concluded that hand position is 
related to hemispheric specialization and developmental 
stage of maturity. She also concluded that left-handed 
children who use the straight position for handwriting are 
more left hemisphere specialized for language than are 
right-handed individuals who use the horizontal position. 
Based on these conclusions, she suggested that a child 
should be allowed to use whatever hand position he or she 
likes. Changing elected hand position disrupts a coping 
mechanism used to accommodate an unusual neurological 
organization. 
Studies have not been able to prove any significant 
difference in writing pressure or speed between left- and 
right-handed individuals after instruction [Alston & 
Taylor, 1987], Some researchers supported the position 
that left-handed writing is less fluent and less legible, 
wheras others found no significant differences [Graham & 
Miller, 1980] . Graham and Miller [1980] noted that any 
variances may be caused by teaching techniques that 
ignored the differences in left-handed individuals and 
taught them as if they were right-handed, thereby causing 
them to adopt a hooked hand position. Graham and Miller 
suggested adjustment of paper position and hand posture 
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for those left-handed students who have not been using the 
hooked position for a long time. 
There seem to be three explanations as to why some 
left-handed individuals use the hooked or inverted hand¬ 
writing position: a different cerebral organization, a 
maturity process, or a response or accommodation to 
incorrect teaching that does not take into consideration 
the differences in left-handed individuals. There needs 
to be more controlled research if a consistent teaching 
approach is to be established. 
Features of Letters 
The features of letters and the order in which they 
are taught are thought to have an impact on fluency and 
legibility of handwriting. Many researchers have 
attempted to find the most frequent type of errors and the 
letters that are most susceptible to errors. Others have 
conducted studies pertaining to letter shape and common 
letter strokes or movement patterns. These researchers 
have attempted to find commonalities and patterns that can 
be used in making decisions regarding which letters to 
introduce first and in developing strategies to prevent 
common errors. 
Peck, Askov, and Fairchild [1980] found four 
different approaches or positions in the research on the 
use of letter features to introduce letters to students. 
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The first and earliest approach was to determine which 
letter forms were the most difficult to produce, that is 
which letters were the most susceptible to errors. The 
second approach consisted of identifying the modifications 
adopted by adults or college students in forming uppercase 
cursive letters. The third approach was the study of the 
development of personal styles with the purpose of simpli¬ 
fying letter form without sacrificing legibility to 
eliminate the need for modifications in handwriting as 
individuals mature. The fourth approach consisted of 
finding commonalities of letter form and grouping letters 
according to commonalities for teaching. A similar 
approach involved studying the common movements made to 
form letters, teaching the movement separately, grouping 
the letters by movement, and introducing them to the 
students according to movement patterns. The latter two 
approaches assume that if the child is made aware of the 
similarities in letters, the learning load can be reduced 
and problems of reversals, rotations, and inversions may 
be avoided. 
Using the fourth approach, Alston and Taylor [1987] 
identified patterns found in letters as follows: the 
round pattern found in the letters a, c, d, g, o, s, e, f, 
and g; the hump pattern found in the letters r, n, m, h, 
b, and p; the straight line and cup pattern found in the 
letters 1, i, t, u, y, j, g, and w; and the zig-zag 
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pattern found in the letters v, w, k, x, z, and y. They 
suggested the following letter groups: (c, a, d, g, o, s, 
f, e, q); (i, 1, t, u, y, j, w); (r, n, m, h, b, p, k); 
(v, w, y); and (k, x, z). Some letters appear in more 
than one group because they can be written more than one 
way. Alston and Taylor [1987] indicated that capital 
letters are easier to form because they are based on 
circles, parts of circles, and straight lines. 
Other examples of the commonality approaches follow. 
One recommendation was to group the letters into two 
patterns: those letters that have the vertical linearity 
of the t and those that have the roundness of the o. 
Another suggestion was to divide the letters into four 
groups. Those letters that have a shape similar to the o, 
such as c, g, and e, were written first; then those that 
have straight lines like 1, i, and t were taught; these 
were followed by letters containing lines and loops, such 
as b, p, and r, and those containing the angle in f, such 
as m, n, and z [McCarthy, cited in Askov et al., 1970]. 
Gale [cited in Tiedt, 1983] suggested that letters 
should be introduced in groupings of similar form: 
straight lines as in 1, i, and t; circles as in o and c; 
circles and straight lines as in a, e, d, and p; 
variations of a curve as in v, n, m, and h; and others 
such as g, j, q, f, k, r, s, v, w, x, y, and z. Gale 
explained that each letter has a left and a right side. 
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that strokes on the left are made first, all circles are 
made to the left except in b and p, straight lines are 
usually made from top to bottom and from left to right. 
Following principles similar to those used by Gale, Tiedt 
[1983] recommended the following four groupings for 
cursive writing instruction: (i, t, 1, e, w, j, f, b, u) ; 
(m, n, h, y, v, x, z); (a, d, o, q, g, c); and 
(k, p, r, s). 
A sequence of how lowercase manuscript letters should 
be introduced was recommended by Graham and Miller [1980]. 
They divided the letters into the following six groups: 
(1, i, t); (o, c, a, e); (r, m, n, u, s); (d, f, h, b); 
(v, w, k, x, z); and (g, y, p, j, q). They also provided 
guidelines for the introduction of uppercase letters, 
numerals, and cursive letters. 
Dubrow [cited in Towle, 1978] suggested that letters 
should be grouped according to the kind of movement 
involved in cursive writing: the swing up letters i, r, 
w, t, and s; the swing up and over letters n, m, v, and x; 
the swing up and turn back letters e, 1, b, h, k, and f; 
the swing over and turn back letters c, a, d, and q; some 
more swing up letters o, p, and j; and some more swing up 
and over letters y and z. 
Horton [cited in Peck et al., 1980] examined the 
cursive writing of 1,000 sixth graders and found that r 
accounted for 12% of all errors, with six different types 
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of malformations. He also found that a, b, c, i, 1, m, n, 
u, v, and x accounted for another 12% of errors. Left- 
handed boys produced the most errors but exhibited fewer 
difficulties with r than with d, e, h, z, g, n, and q. A 
study conducted by Stennet, Smithe, and Harder [cited in 
Peck et al., 1980] showed that kindergarten to third 
grade students had more difficulty with lowercase than 
with uppercase manuscript letters. The researchers also 
found that the students mastered uppercase letters by 
second grade, whereas lowercase letters reamined difficult 
up to third grade. The least difficult letters were 
single stroke letters, such as o, 1, s, and c, and the 
most difficult were those that required more visual-motor 
control, such as r, u, h, and t. 
Most of the studies on letter feature reviewed 
concentrated on one of two approaches: analysis of the 
type of errors most commonly made or the grouping of 
letters according to common movement strokes or letter 
form. There is no consensus as to which approach is more 
effective. It appears that being able to classify the 
letters and group them may facilitate the learning of 
handwriting and the analysis of errors can help remediate 
problems or even prevent them, but so far there is no 




Many believe that the way a student holds the writing 
instrument affects the quality of handwriting. Lazio and 
Bairstow [1984] described writing as a complex serial task 
in which the child needs to control the force exerted by 
the fingers on the writing instrument and its pressure on 
the paper. There is a traditional grip accepted by most 
teachers but there are also alternative ways to hold the 
pencil. The dynamic tripod grasp [Alston & Taylor, 1987] 
consists of "resting the pencil on the distal phalanx of 
the middle finger and controlling it between the pad of 
the thumb and the index finger, the hand being held in 
slight suspension" [p. 29]. 
Graham and Miller [1980] suggested the traditional 
tripod grip based on recommendations made by early 
researchers. According to them, the appropriate grip 
consists of 
the hand turned so that it rests on the third 
and fourth fingers and can be moved smoothly 
across the writing surface as the fingers form 
each letter. The writing instrument is held 
lightly between the thumb and the first finger 
about an inch above the point with the first 
finger resting on top of the writing instrument 
while the end of the bent thumb holds it high in 
the hand near the largest knuckle and pointed in 
the direction of the shoulder, [p. 8] 
Proponents of the traditional grip are concerned with 
how to help those who have difficulty with hand grip 
[Farrell, 1988; Garjarj, 1982; Milone & Wasylyck, 1981]. 
26 
Mendoza, Holt, & Jackson [cited in Sulzer-Azaroff & Mayer, 
1986] implemented behavior modification principles to 
measure the efficacy of procedures to teach proper grip to 
a 2-year-old preschooler who had difficulties with hand 
grip. A colored circle was drawn on the finger of the 
dominant hand and a strip of matching color was attached 
to the pencil for the child to match with the one on his 
finger, thus making sure that he acquired the proper grip. 
The size of the circle and the strip diminished gradually 
as the child mastered the skill. 
Variations of the dynamic tripod grip are often 
associated with poor handwriting in handicapped children 
and children with spina bifida [Hancock & Alston, 1986]. 
Contrary to this position, Ziviani [1983] stated that the 
extent to which atypical grip is the prime cause of poor 
handwriting remains uncertain because there is also con¬ 
siderable grip variation in the nonhandicapped population. 
Ziviana and Elkins [1986] reported no statistical differ¬ 
ences due to atypical pencil grip in a study conducted 
with 218 students. Sasson, Nimmo-Smith, and Weng [1986] 
found that pencil grip does not on its own seem to be a 
predictor of poor handwriting; nevertheless it may 
facilitate handwriting. It can be concluded that pencil 
grip does not in general interfere with the quality of 
handwriting, and when it does a teacher should suggest 
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a grip comfortable for the child. Tradition should not be 
the criteria for decision making. 
Body Posture 
Body posture can be a factor affecting the slant of 
handwriting. Graham and Miller [1980] suggested that the 
student should sit comfortably with the hips touching the 
back of the chair and both feet resting on the floor. The 
body should be leaning slightly forward in a straight line 
and both forearms should rest on the desk with the elbows 
extended slightly. Alston and Taylor [1987] agreed with 
this criteria for body posture. However, Fudin and 
Lembessis [1982] conducted a search of the literature or. 
body posture in relation to handwriting and found that 
there were discrepancies in criteria among investigators. 
They called attention to the need for a standard set of 
valid criteria for posture. 
Writing Instruments 
Differences of opinion exist about the most 
appropriate writing instrument. Many disagree on whether 
beginning writers should use extra thick or standard 
pencils. Carlson and Cunningham [1990] examined the 
impact of pencil diameter on writing skills of 
preschoolers and found no significant difference. Moss 
[1989] evaluated eight writing samples written with eight 
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instruments of different size and shape and found no 
differences in directionality or spelling, therefore 
questioning the use of oversized pencils in kindergarten. 
Hall [1985] criticized the use of primary pencils for 
kindergarten students and indicated this practice may 
hinder their writing skills. Lamme and Ayres [1983] 
studied the handwriting of 798 first grade children and 
concluded that the type of writing instrument does not 
have a significant impact on handwriting skills. These 
studies clearly indicate there is no need for special 
pencils; children should be allowed to use whatever pencil 
they prefer. 
Type of Paper 
Research efforts have been directed toward 
determining the effect of type of paper on handwriting. 
Some believe that children write more neatly and with 
greater ease on lined paper, whereas others believe that 
maturity is an important factor in deciding whether the 
paper should be lined or unlined. Alston and Taylor 
[1987] found that some researchers recommend the use of 
unlined paper for young children. Those supporting this 
position believe that younger children need freedom to 
concentrate on proper letter formation. 
Lindsay and McLennan [1983] conducted a study with 
first-grade through third-grade students between the ages 
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of 6 and 9 years. They found that during the first and 
second grades (6-8 years of age), students did better 
writing on unlined paper; whereas around the age of 9 
years, students demonstrated better legibility with lined 
paper. Waggoner, Lanuziata, Hill, and Cooper [1981] found 
that urban and suburban kindergartners and first graders 
produced better letter strokes when using paper with large 
space between lines. 
Trap-Porter [1983] compared the accuracy of letter 
strokes when large-spaced and standard-spaced lined papers 
were used during transition to cursive handwriting. She 
found that second- and third-grade students made better 
strokes with wide-spaced lines. Hill, Gladden, and Porter 
[1982] also compared the letter stroke quality of second- 
and third-grade students when large-spaced and standard¬ 
spaced lined papers were used. The second graders 
performed better with large-spaced lines whereas third 
graders demonstrated no significant difference in 
performance on the two types of paper. The researchers 
concluded that second grade seems to be the appropriate 
time to make the transition from large-spaced lines to 
standard-spaced lines. 
In view of the research findings, one can conclude 
that younger students should start with unlined paper and 
once they master the basic strokes of handwriting they 
should start using large-spaced lined writing paper. 
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Around the end of second grade, the student should start 
the transition to standard-spaced lined paper. 
Assessment and Measurement of Handwriting Skills 
When a child presents difficulties in legibility and 
speed of handwriting or reverses letters, assessment and 
measurement of that child's handwriting skills should 
be done. Assessment is a "process of collecting and 
organizing the relevant information about the client" 
[Chia, cited in Alston & Taylor, 1987, p. ], whereas 
measurement consists of the assignment of numbers to 
attributes or characteristics of the child according to 
explicit formulations, rules, or norms [Sax, 1980]. 
Assessment of handwriting skills entails interviews, 
observation, and informal testing [Sattler, 1990]. Bain 
[1982] recommended that a child with handwriting 
difficulties should have a complete psychoeducational 
evaluation performed by a school psychologist. 
Interviews 
Alston and Taylor [1987] recommended that during 
interviews with parents, teachers, and the child, the 
child's vision and hearing should be assessed. They also 
believed it was important to note whether there are any 
delays in developmental milestones (fine- and gross-motor 
skills, speech, and language). Equally important. 
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according to Alston and Taylor, are accident and 
hospitalization histories as well as social, family, and 
academic histories of the child relevant to handwriting 
and prewriting experiences (manipulative games, painting, 
and drawing). The child's learning strategy and how this 
affects his or her attitude toward learning should also be 
evaluated. 
Observation 
Alston and Taylor [1987] advocated that the child be 
observed during the process of writing. Areas to be 
evaluated are the height of the table and chair, posture, 
paper position, and pencil grip. 
There are some criteria for proper posture although 
there is not a definite agreement among authors. Some 
suggest that a child should be seated comfortably so that 
the hips touch the back of the chair and both feet are on 
the floor [Alston & Taylor, 1987; Graham & Miller, 1980]. 
Contrary to the previous opinion. Hall [1985] indicated 
that the child should be comfortable while writing, 
whether seated with feet on the floor or having one leg 
curled under the other. Hall believed that exact 
specifications on how to teach handwriting inhibit 




Alston and Taylor [1987] suggested that some informal 
testing be conducted to find out whether the child has 
knowledge of letter sounds and names. Failure to know 
them will transfer to confusion such as reversals of b/d, 
i/j, and p/q; inversions of d/p, f/t, and m/w; and 
rotation of d/p. Confusion with i, 1, and j may occur due 
to failure to differentiate heights and positions in 
relation to the baseline. Students with poor auditory 
reception tend to confuse names and sounds of u/y, j/g, 
and c/s. 
According to Alston and Taylor [1987], the child 
should be able to copy a circle, a cross, a square, a 
triangle, a horizontal 8, and two loops in the opposite 
direction. If a child can not copy a circle or a cross, 
he or she is not ready to learn how to write letters. If 
a child can not draw a triangle, he or she will find it 
difficult to make diagonal lines for k, v, w, x, and z. 
The horizontal 8 and two loops in the opposite direction 
measure directionality and readiness for cursive writing. 
The child should also know the numerals from 0-9 and the 
basic mathematical signs. Numerals 2, 7, and 9 are 
frequently reversed and 0 tends to be too small. These 
errors are expected up to the age of 7 years, but after 
that their presence is indicative of difficulties. The 
child should be asked to draw a person. This will give an 
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idea of general mental ability and may point out the need 
for further assessment of those who draw but can not write 
or read. 
Graham and Miller [1980] suggested that not all 
children are equally prepared for handwriting instruction; 
therefore, handwriting readiness should be assessed. 
According to these authors, students should demonstrate a 
mental age ranging from 4.0 to 5.0, an interest and desire 
to write, adequate muscular coordination, ability to make 
visual discrimination, understanding of the concept of 
left to right progression, hand preference, and ability to 
copy or draw a circle, cross, square, and triangle. 
Sheridan [cited in Alston & Taylor, 1987] stated that a 
child should be able to copy the circle at the age of 3, 
the cross at the age of 4, the square at the age of 5, and 
the triangle at the age of 5.6. 
Once readiness is established, letter formation 
should be evaluated. Stott, Moyes, and Henderson [cited 
in Alston & Taylor, 1987] indicated that a letter "should 
begin at the right place and work in the conventional 
direction, a direction that enables the letter to be 
formed with continuous movement from where it can 
eventually be joined to the next letter" [p. 114] . Alston 
and Taylor [1987] pointed out that one should check 
whether the letter started in the correct place and was 
formed correctly, whether the down strokes of the letter 
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were straight, whether the round letters were sufficiently 
rounded and closed, and whether the joints employed were 
used appropriately. They also recommended that the 
following be checked: alignment, slant, and relative 
height of letters and spacing between words and letters. 
Alston and Taylor stressed it is important to check the 
rhythm of writing, whether it is jerky or consists of 
disconnected movements or lacks in shape and proportion, 
giving an appearance of untidiness. 
Quality and quantity of handwriting should be 
measured. The quality of handwriting is rated on the 
basis of legibility or whether it can be read [Graham & 
Miller, 1980] . The legibility is measured in terms of 
letter form, uniformity of slant, size of letters, 
compactness of space within and between words, alignment, 
and line quality [Graham & Miller, 1980]. 
Quantity of handwriting pertains to speed or fluency, 
which is essential for note taking. There are different 
norms for speed of handwriting. Freeman [cited in Alston 
& Taylor, 1987] introduced his speed norms with a sentence 
incorporating all the letters of the alphabet: "The quick 
brown fox jumps over the lazy dog" [p. 91]. He proposed 
the following norms: second grade, 36 letters per minute 
(lpm); third grade, 48 1pm; fourth grade, 56 1pm; fifth 
grade, 65 lpm; sixth grade, 72 lpm; seventh grade, 80 lpm, 
and eighth grade, 90 lpm. Freeman indicated that an adult 
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can write up to 130 1pm. Groff [1961] felt Freeman's 
norms were too high and recommended the following norms: 
fourth grade, 35 1pm; fifth grade, 41 1pm; sixth grade, 
50 1pm. Ziviani and Elkins [1984] suggested a measure 
based on age level: 8 years, 33 1pm; 9 years, 34 1pm; 
10 years, 38 1pm; 11 years, 46 1pm; 12 years, 52 1pm. 
Graham and Miller [1980] recommended that the 
examiner obtain samples of the student's usual, best, and 
fastest handwriting. They also recommended that the 
teacher use the student's daily assignments, homework, and 
tests to assess how the student performs in different 
situations. They further suggested that the student's 
copying ability be measured when writing a sentence 
containing all the letters of the alphabet. In addition 
to the one provided by Freeman, the following zany 
sentences containing the 26 letters of the alphabet can be 
used. Alston and Taylor [1987] suggested "The five boxing 
wizards jumped quickly" [p. 133]. Towle [1978] offered 
"The quick brown fox just came over to greet the lazy 
poodle" [p. 45]. Savage [1977] listed several: 
Six very quick zebras jumped high to swat the 
napping fly. Dixie Fixit quietly gave back the 
prize money she had just won. A big pink taxi 
now carries the very lazy queen around the 
kingdom in a jiffy. [p. 315] 
Tiedt [1983] proposed the following sentence for high 
school students: "The junior office clerks were quite 
amazed at the extra reward given by their generous 
36 
employer" [p. 244], It is used in England in typing 
classes and seems appropriate for older students. 
Graham and Miller [1980] recommended the student be 
allowed to become familiar with the sentence, then he or 
she should be instructed to write the sentence continu¬ 
ously at his or her usual rate for at least 3 minutes. 
After a period of rest, the student should be instructed 
to write the sentence as well and as neatly as possible. 
After another period of relaxation, the student should 
write the sentence as rapidly as possible. In a free- 
writing exercise, the student should be asked to write 
from memory a sentence or selection for 3 minutes. 
An important part of assessment is to highlight the 
student's handwriting strengths. The student should then 
be asked to verbalize what he or she does not like about 
his or her handwriting. If the student can not verbalize 
feelings or perceptions, the basic characteristics of 
fluency and speed should be reviewed and the child should 
be encouraged to evaluate his or her own handwriting 
{Alston & Taylor, 1987]. 
Measurement 
There are various standardized scales available to 
measure legibility and fluency of handwriting. Graham and 
Miller [1980] indicated that the most useful are the Bazz 
Scale, which measures manuscript from Grade 1 through 
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Grade 3; the Thorndike Scale, which measures cursive from 
Grade 1 through Grade 12; the Ayres Scale, which measures 
cursive legibility from Grade 2 through Grade 8; the 
Freeman Scale, which measures legibility of manuscript for 
Grades 1 and 2 and of cursive for Grades 2 through 8; the 
West Scale, which measures cursive legibility and fluency 
by grade level; and the Herrich and Erlebacher Scale, 
which measures cursive handwriting for intermediate 
grades. Graham and Miller also indicated that the 
California Achievement Test and the Test of Written 
Language include handwriting subtests. 
According to Alston and Taylor [1987], the Thorndike 
Scale uses a general criterion of "artistic and pleasant 
appearance" [p. 91] for manuscript. They point out that 
in the Ayres Scale, assessment of legibility is determined 
by the time required by a judge to read a passage 
previously memorized and written by the student. The 
Freeman Scale uses as criterion the number of letters per 
minute correctly written. The writer is asked to memorize 
a passage and write it for 2 minutes. Ziviani [cited in 
Alston & Taylor, 1987] established speed norms in New 
Zealand for first through intermediate grade students. 
Peckard [cited in Alston & Taylor, 1987] replicated this 
study so that words per minute for 11- to 12-year-old 
students are available. Ziviani as well as Peckard 
examined both legibility and fluency. 
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Herrick and Helerbacher [cited in Herrick, 1960], 
recognized the complexity of handwriting and rejected the 
idea of one scale with one sample for each quality level. 
They considered size, slant, and alignment. Others like 
Fisher [cited in Alston & Taylor, 1987] identified five 
handwriting factors. Trap, Milner-Davis, Joseph, and 
Cooper [1978] identified seven factors: containment of 
letters, length, closed circles, interstroke, and 
alignment. 
Alston and Taylor [1987] published their Handwriting 
Checklist in 1981. This checklist was standardized in 
1982 with 20 items that can be completed with writing 
samples from the students. It consists of four sections. 
Section 1 of the checklist does not include scoring 
because it was designed as a diagnostic tool of 
prerequisite skills such as grip, posture, paper position, 
and writing pressure. Section 2 consists of letter 
identification, letter form, letter movement (identifica¬ 
tion of groups of letters with the same movement). 
Section 3 includes basic patterns essential for competent 
letter formation; this helps identify basic movement 
pattern difficulties. The last section draws attention to 
consistent letter size and slant, spacing between letters 
and words, size of writing, and the importance of 
alignment. A space is also provided for corrective 
teaching objectives. 
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In 1984, the Handwriting File, a program for teaching 
handwriting, was designed to complement the checklist 
[Alston & Taylor, 1987], This file presents an item for 
each item of the checklist. It provides research 
reference and remediation for each problem. Stott et al. 
[cited in Alston & Taylor, 1987] published the Diagnosis 
and Remediation of Handwriting Problems in 1985. They 
claimed it was conceived to identify problems and provide 
clinical assessment and research. It is most useful with 
children who have completed 2 years of writing, but it may 
be used with brain-injured adults who have lost the 
ability to write. The following factors are examined: 
concept letter form and joining of letters; spacing 
between letters and words; control in slant, letter size, 
word alignment, letter distortion, and tremor; and writing 
posture, motor control, and laterality. 
Psychologists use many tests to measure variables 
that impact handwriting, such as visual-motor skills, 
auditory perception, visual perception, sequencing skills, 
and memory. Subtests from the Wechsler scales; the 
Stanford-Benet R-4 test; the Woodcock Johnson Psycho- 
educational Battery, Revised; and the Kaufman Assessment 
Battery for Children are good measures of these variables. 
There are tests that measure specific areas: the Auditory 
Discrimination Test, the Lindamood Auditory Conceptuali¬ 
zation Test, the Bruininks-Oseretzky Test of Motor 
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Proficiency, the Perdue Pegboard, the Bender Visual-Motor 
Gestalt Test, and the Developmental Test of Visual-Motor 
Integration [Sattler, 1990] . 
Manuscript Versus Cursive Handwriting 
Two styles of handwriting have been in use for almost 
a century: manuscript and cursive. Cursive was passed 
traditionally from parents to children. With the 
generalization of formal education it was then taught in 
schools. Finding the teaching of cursive to young 
children difficult, manuscript was introduced by Edward 
Johnson around 1913 [Graham & Miller, 1980] . Today 
schools begin with the teaching of manuscript handwriting 
in kindergarten and then make the transition to cursive 
around the end of the second grade or the beginning of 
third grade [Savage, 1977]. It seems that parents favor 
this transition because they perceive cursive as a more 
mature task [Savage, 1977]. There are divided opinions 
concerning both styles. 
Graham and Miller [1980] summarized the points of 
view on manuscript and cursive writing: Those who support 
manuscript writing claim that it facilitates reading 
because books are written in manuscript, it is more 
legible, it consists of simple movements, and it is used 
for official and formal documents. Those who support 
cursive handwriting believe it is more speedy and fluent. 
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it is better for handicapped children, it results in less 
directional confusion, it is more rhythmical, it is easier 
to write, and it facilitates reading. 
Graham and Miller [1980] recommended manuscript 
handwriting for beginners and indicated that although at 
some point cursive may be learned, it should not replace 
manuscript. Manuscript should continue to be taught and 
improved because it is the formal script used in documents. 
Herrick [1960] indicated that although both cursive and 
manuscript could be taught, children should retain the 
manuscript or at least the choice of handwriting style 
should be left to students. 
Evidence favoring either style is not conclusive, 
although there are claims that have some face validity. 
It appears that the type of script may impact the fluency 
and speed of handwriting. Hildreth [1960] investigated 
the relationship between the types of handwriting and 
speed, concluding that speed is related to instruction, 
practice, and individual characteristics. Anderson [1966] 
found that manuscript handwriting is more legible than 
cursive, can be written as fast, and is more easily 
learned by young children. Meis [cited in Askov et al., 
1970] compared the handwriting of 3,750 German children 
who were beginning school and found that they made 
significantly fewer errors when they used manuscript. 
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Byers [1963] compared the handwriting legibility of 
two groups of third graders by asking them to copy a 
dictated paragraph, first in one style and a week later in 
the other, having the two groups alternate the styles. He 
found that more transposition and omission of letters 
occured in manuscript whereas more substitutions of 
letters and omissions of entire words were found in 
cursive. Bolen [1965] randomly assigned 312 third graders 
to 12 classrooms in 10 schools. Six groups made the 
transition to cursive at the beginning of the school year 
and the rest delayed the transition until the study was 
completed. The students were pretested for IQ and 
spelling achievement with standardized tests. During 
posttests no significant gains in spelling scores were 
found for those who used manuscript. 
Jackson [1971] took writing samples of 108 students 
representing each of the intermediate grades in 20 schools 
to investigate the influence of speed over legibility of 
both styles of handwriting. The groups were divided into 
those that had experienced manuscript only and those that 
had a transition from manuscript to cursive. The cursive 
writers had made the transition during third grade. 
Jackson used the Otis Quick Score Mental Ability Test to 
measure speed and legibility of handwriting. He found 
that those students who used manuscript only wrote 
significantly faster than the cursive writers when told to 
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"write as fast as you can." He did not observe a signifi¬ 
cant relationship between gender and speed. Writing was 
not significantly better when manuscript was used but 
females appeared to write more legibly than males. 
Significant speed differences were found between grades 
and legibility increased with grade level. Speed affected 
legibility inversely and IQ had no bearing on legibility. 
Weinert, Simmons, and Essig [cited in Askov et al., 
1970] compared the speed and pressure of manuscript and 
cursive writing in 672 German children after four years of 
schooling. They found that those who received initial 
instruction in manuscript style wrote faster and had less 
cramping. Sokolova [cited in Askov et al., 1970] found 
that experimental classes that used cursive from the 
beginning increased their speed of writing 50% and almost 
30% over those who used manuscript during first and second 
grades. Those who were in third and fourth grades showed 
no significant differences in speed. German and Russian 
studies should be interpreted carefully because their 
alphabets are different from the American alphabet. 
Otto and Rarick [1969] compared the handwriting, 
spelling, and reading performances of fourth and sixth 
graders in terms of when they made the transition from 
manuscript to cursive, that is, first or second half of 
second grade, first or second half of third grade. They 
observed that the transition time was significant only in 
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terms of handwriting performance. Late transition was 
associated with better speed and early transition with 
more legible handwriting. However, these researchers 
indicated that transition time is not as important as the 
nature of the instructional program in terms of effects 
upon later achievement in handwriting. A group of 
directors of elementary education from metropolitan areas 
were surveyed pertaining to this issue and they indicated 
that transition time is mainly decided by tradition and 
not research results [Groff, 1961] . 
Templin [1963] evaluated the legibility of high 
school students' handwriting 10 years after graduation. 
Three groups were compared: those who learned manuscript 
only, those who learned manuscript and cursive, and those 
who learned cursive only. It was found that those who 
learned manuscript only had the most legible handwriting 
and those who went through the manuscript/cursive 
transition had the most illegible handwriting. Males, 
regardless of initial training, used manuscript more than 
did females. It appears that men perceive manuscript as 
more business-like. 
Groff [1961] surveyed personnel directors regarding 
their preference for styles of handwriting. Of a sample 
of 115 large corporations that were contacted, 80% 
responded; 53% felt that either style was acceptable and 
33% had preference for manuscript. 
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Sequence of Teaching Handwriting 
There is no clear sequence for teaching handwriting. 
As previously mentioned, some of the criteria used for 
introducing letters are formation commonalities, movement 
pattern, level of difficulty, and frequency of usage. 
The most commonly used characteristics of letter 
formation are straight lines, slant lines, angles, and 
circles [Bradley-Johnson & Lesiak, 1989; Graham & Miller, 
1980; Tiedt, 1983]. With an apparent objective criteria 
such as letter features, one may believe that there is 
agreement on letters that share common characteristics, 
but interestingly enough there is no agreement. Alston 
and Taylor [1987], McCarthy [cited in Askov et al., 1970], 
Gale [cited in Tiedt, 1983] , Tiedt [1983], and Graham and 
Miller [1980] proposed different groupings for introducing 
letters based on letter stroke commonalities. These have 
been previously described in this chapter (see pages 21- 
23) . 
Sims and Weisberg [1983] supported the introduction 
of lowercase letters before uppercase letters because they 
are used more frequently. They also recommended intro¬ 
ducing the highly functional letters of s, a, e, r, and m 
before the less frequently used letters g, j, and z. They 
did not agree that letters should be introduced in alpha¬ 
betic! order according to families. Sims and Weisberg 
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argued that this strategy did not consider the function of 
letters but presented letters together that were similar, 
which they believed caused discrimination problems. For 
the same reason, they did not recommend introducing upper¬ 
case and lowercase letters simultaneously. If letters are 
sequenced for introduction, they recommended the teacher 
start with the easy ones and progress to the hard ones. 
Sims and Weisberg pointed out that the more curved letters 
are the more difficult to form, although no valid index of 
difficulty of letter is available. 
Techniques for Teaching Handwriting 
It was observed during research of literature for 
this paper that very few textbooks and teacher training 
programs dedicated space or time to the subject of how to 
teach handwriting. Addy and Wylie [1973] sadly confirmed 
that in spite of all the research, handwriting instruction 
continues to follow tradition. For a skill to be learned 
successfully, it should be taught within a context; there¬ 
fore it is hard to understand how it is that handwriting 
has not been integrated into the language arts curriculum 
[Askov et al., 1970]. Handwriting is best taught and 
reinforced as part of spelling, reading, and composition 
[Graham & Miller, 1980]. As a functional skill and as an 
integral part of the written language, handwriting takes 
place within the context of the children's writing 
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activities [Savage, 1977], Handwriting can be enhanced 
with brief exercises in capitalization, spelling, language 
usage, and copying poems [Savage, 1977; Sims & Weisberg, 
1983] . Handwriting practice can take place in conjunction 
with the writing of stories [Mclnerney, 1988; Savage, 
1977], It is also important to set aside time for 
systematic practice with troublesome letters [Graham & 
Miller, 1980]. 
Bergman and McLaughlin [1988] reviewed the literature 
concerning handwriting teaching practices and concluded 
that the most effective practices were the direct teaching 
approach and behavior modification. Gee [1989] 
recommended individual initial assessment and observation 
of the child during the writing process. It appears that 
to better serve a child, a teacher should approach hand¬ 
writing from an individualized and holistic perspective. 
Traditional Teaching 
Copying is the most commonly used technique for 
teaching handwriting. It is supported by teachers' 
preference and research findings. Manning [1988] reviewed 
the literature and found that copying was at least 
recommended for beginning writers. Other techniques can 
improve handwriting when used together with copying but 
cannot replace it. Hayes [1982] found that copying can be 
improved by verbal and visual prompts. Burckhalter and 
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Wright [1984] found that copying is superior to tracing 
and that the use of overlays improves copying skills. 
Askov and Peck [1982] also found that copying is superior 
to tracing and that the distance from the letter model may 
have an impact on performance. They suggested the need 
for research comparing performance when a student copies 
from a letter model on the desk and a from a letter model 
on the chalkboard. 
Nontraditional and Remedial Teaching 
When a child experiences difficulties in handwriting 
regardless of the teaching technique used, the child needs 
remedial assistance. There are many techniques used to 
enhance or remediate handwriting. Among them are behavior 
modification, direct instruction, and perceptual 
techniques. 
According to Sims and Weisberg [1983], behavior 
modification is an intervention based on principles of 
behavior analysis. It is used to change behaviors in a 
precisely measurable manner. It is comprised of three 
phases: baseline measure of behavior prior to inter¬ 
vention, treatment, and follow up for generalization and 
maintenance. Intervention incorporates individualized 
techniques such as self-recording, transparent overlays, 
feedback, antecedent events such as modeling and prompts, 
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positive reinforcement, positive practice, and self- 
instruction. 
Sulzer-Azaroff and Mayer [1986] recommended that when 
a child is experiencing handwriting difficulties, an 
assessment of skills versus motivation should be conducted. 
They believed that the teacher needs to find out whether 
the student lacks handwriting skills or if he or she is 
not motivated. After establishing a baseline by measuring 
the behavior prior to intervention, a teacher should 
provide reinforcement to the student for improvement of 
speed and legibility. Sulzer-Azaroff and Mayer claimed 
that students who have real deficits will continue to 
perform poorly in spite of the reinforcement. They also 
pointed out that once deficits are established, they can 
be corrected by supplementing instruction and modeling 
with prompting and shaping. For example, prompting can be 
used for proper pencil grip by placing colored dots where 
the pencil should be positioned. 
Successive approximations (shaping) to correct letter 
form can be praised and reinforced and physical guidance 
by the teacher can improve the necessary movements for 
correct letter strokes [Mendoza, Holt, & Jackson, cited in 
Sulzer-Azaroff & Mayer, 1986] Positive practice can be 
used to improve letter formation. In this case, the child 
is asked to practice the incorrect letter a certain number 
of number of times [Mabee, 1988]. McLaughlin and Malaby 
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[1972] and Miller and Schneider [1970] suggested students 
can earn tokens for improvement in letter formation and 
speed. Such tokens can be exchanged for food at the 
school cafeteria or store or for any other privilege. 
Sulzer-Azaroff and Mayer [1986] believed that 
reversal problems can be corrected by emphasizing critical 
letter features. For instance, when a student reverses b 
or d, he or she should learn to discriminate the primary 
difference in the way the letters face. The teacher can 
help the student by making the semicircle darker or by 
providing a visual prompt. Sulzer-Azaroff and Mayer 
recommended that physical prompts be gradually faded as 
the student's skills improve. 
A number of authors [Helwig, Johns, Norman, & Cooper, 
1976; Jones, Trap, & Cooper, 1977; Sims & Weisberg, 1983; 
Sulzer-Azaroff & Mayer, 1986] stated that immediate 
feedback and consistent reinforcement are crucial during 
learning. Material that can give immediate feedback, such 
as transparent overlays, should be incorporated. The 
overlays have printed correct letter models or outlines of 
letter form that can be placed over the letter produced so 
that the student can assess it. Overlays can be 
constructed by drawing letter models and photocopying them 
on a special plastic sheet. 
Formsma [1988] conducted a review of literature on 
the use of overlays and concluded that it improved 
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children's performance when they used it to correct their 
writing quality. Stowistschek [1987] trained 6 handicapped 
male students between 6 and 13 years of age to correct 
their own handwriting with transparent overlays. He found 
that some students improved their handwriting by the 
second training session, others demonstrated significant 
improvement in letter formation by the 10th session. 
McLaughlin [1983] found that students who engaged in 
self-correction spent more time on handwriting tasks. 
This was evident immediately after the intervention was 
used and it was maintained long after. 
Students should be allowed to practice in situations 
they feel are most comfortable or enjoyable. They should 
be encouraged to form large letters with colored chalk on 
the board or to use a paint brush and watercolors on an 
easel, crayons, and felt pens [Savage, 1977]. Sulzer- 
Azaroff and Mayer [1986] recommended the use of self- 
instruction for correct letter stroke movement while 
copying a letter. Because self-instruction training is 
time consuming, it is best to have a group of students 
respond in unison as they complete the letter stroke. 
They can later whisper the instructions to themselves. 
To promote speed or rate of handwriting, Sulzer- 
Azaroff and Mayer [1986] recommended gradually decreasing 
the time allotted for writing assignments. However, the 
teacher must continue to monitor legibility and not 
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attempt to increase rate until the child masters letter 
formations. Sulzer-Azaroff and Mayer [1986] urged that 
both legibility and speed continue to be reinforced. 
Differential reinforcement of high rate (DRH) is used to 
gradually accelerate speed of handwriting. DRH is a 
schedule of reinforcement of a response that is expected 
to consistently increase. Reinforcement is administered 
only when the student reaches the expected behavior. 
There are commercial programs such as DISTAR for 
direct instruction of handwriting. DISTAR is a set of 
curriculum materials that incorporates behavior modifi¬ 
cation principles. It follows a carefully organized and 
detailed sequence of instruction. Skillful teaching in 
small groups when appropriate, being able to evoke unison 
response, using signals to encourage students to partici¬ 
pate, applying specific techniques for correcting and 
preventing errors, and using praise are characteristics 
of this program. This program is very effective and has 
been used in many districts with significant gains in 
literacy [Sulzer-Azaroff & Mayer, 1986] . 
Handwriting involves three major sensory modes 
of learning: the visual mode (taking information 
through the eyes); auditory mode (input through 
the ears); and the kinesthetic or haptic mode 
(interpreting what one feels tactually by moving 
and touching). These modes of learning are path¬ 
ways to the brain. [Savage, 1977, pp. 318-319] 
With this in mind. Savage [1977] suggested the following 
teaching techniques: visual-motor training, which 
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improves motor coordination and visual sequencing; tactual 
and kinesthetic practice to help the child recognize, 
recall, and reproduce geometrical forms and letters; dot- 
to-dot exercises to form shapes and letters; tracing to 
help learn letter forms; talking through letters by 
verbalizing the instructions on how to form letters; using 
templates or dark lines to accentuate the spatial outline 
of the letters. 
Girard [cited in Savage, 1977] prepared a chart 
establishing the most common errors made in handwriting 
with their specific sensory mode in mind. Difficulty in 
visual perception results in parts of letters not being 
connected, slopes of letters being distorted, consistent 
reversal of letters, upside down letters, and twisted 
letters. Difficulty in visual spatial input may be 
present when there is unequal spacing of letters, unequal 
size of letters, and letters that are not in line. 
Difficultys in visual-motor coordination is possible when 
the following are present: heavy or light use of pencil 
pressure, tense grip while writing, pencil held in fist 
grip and wavering lines, and deterioration of letter shape 
when repeated across line. Visual recall problems are 
possible when letters are copied out of sequence and 
letters or words are omitted. 
Furner [1969a, 1969b, 1970, 1985] supported the use 
of verbal cues to help children form letters. She also 
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recommended a multisensory approach. In her studies she 
guided the children through several steps: (a) observa¬ 
tion of how many strokes the letter had, (b) observation 
of the order in which the strokes were made, (c) observa¬ 
tion of the direction in which the strokes were made and 
the size of the strokes, (d) writing the letter while 
other students described the movements, (e) writing the 
letter while thinking about its verbal description. 
Graham as well as Slingerland and Ako [both cited in 
Bradley-Johnson & Lesiak, 1989] also used multisensory 
techniques to teach learning-disabled children. Slinger¬ 
land and Ako recommended a one-stroke approach for manu¬ 
script writing during the first 2 years of the program, 
with cursive being introduced in the third year. Their 
program imvolved the use of simple verbal instruction, 
tracing, forming letters in the air, the chalkboard, and 
kinesthetic-tactile cues. They also introduced hand¬ 
writing as part of the language arts curriculum. 
The Orton-Gillighan program [cited in Bradley-Johnson 
& Lesiak, 1989] for students third through eighth grades 
consists of a multisensory approach to cursive instruction 
that is linked to spelling and reading. It involves 
watching the teacher form, trace, copy; writing without 
copying; and writing with eyes averted from the model. 
The teacher gives verbal cues as the student forms the 
letter. 
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Burns and Bassett [1982] recommended a multisensory 
approach for manuscript writing. Their approach 
encourages tactile-sensory awareness during letter 
formation (salt writing; finger painting; making letters 
with Life Saver candies, toothpicks, pieces of yarn, 
suede, or beans). It also encourages reasoning and 
decision making during intermediate grades by having 
students tell what letters are easy or difficult. Burns 
and Bassett provided assistance in improving the forms of 
letters by describing how to form the letter and look at 
difference and similarities. For primary grades they 
highlighted the differences in heights of letters by using 
animals of different sizes. They also provided 
composition exercises for handwriting practice. 
There is research that concentrates exclusively on 
the use of self-instruction in the learning of handwriting. 
The necessary movements to form the letter are verbalized. 
The child whispers the directions or reviews them mentally 
while forming the letter until the movement becomes auto¬ 
matic. Blandford and Lloyd [1987] used seven cards with 
questions about letter stroke movement with 2 learning- 
disabled male students. The questions reminded them of 
the necessary movements for correct letter formation. 
This technique improved their handwriting skills signifi¬ 
cantly and gains were maintained even when the cards were 
no longer used. Storch [1987] used self-instruction 
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to help learning-disabled students improve their hand¬ 
writing. Salend [1987] used self-instruction successfully 
with a left-handed gifted first grade male student. 
In their review of literature. Peck et al. [1980] 
found several other approaches used successfully to 
remediate handwriting. Kirk; Hirsch and Niedermeyer; and 
Williams [all cited in Peck et al., 1980] conducted 
similar studies to measure the effectiveness of rule-based 
instruction, demonstration, and copying. Kirk found that 
the greatest gains were made by children using verbal 
rule-based instruction or verbalization of the necessary 
movement strokes to form a letter. He also found that 
generalization to non-instructed letters was better when 
demonstration was used. However, the group that used 
combined demonstration and rule-based instruction general¬ 
ized to non-instructed letters the best. Letter discrimi¬ 
nation improved significantly with the use of rule-based 
instruction. Williams as well as Hirsch and Niedermeyer 
found to the contrary that copying was sufficient to 
improve letter discrimination. 
Sovik [cited in Askov & Peck, 1982] agreed that, in 
general, verbal instruction combined with demonstration is 
more effective than either technique by itself. But when 
compared, demonstration is superior to verbal instruction 
in terms of generalization to letters with similar 
features. Sovik also found that copying from a close 
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model produces better performance than copying from a 
distant model. 
When traditional instruction of handwriting based on 
commercial curriculum and handbooks was compared with 
educational television curriculum, the latter was 
superior [Askov & Peck, 1982] . Direct instruction in 
handwriting readiness exercises designed to develop 
eye-hand coordination was significantly better than 
incidental teaching [Fairchild, cited in Askov & Peck, 
1982]. Olson [cited in Askov & Peck, 1982] found that 
programmed instruction produced fewer errors in 
handwriting. 
Computer-Assisted Instruction in Handwriting 
Advances in computer-assisted instruction (CAI) are 
very promising. Such programs can offer individualized 
attention, immediate feedback, and reinforcement. These 
programs can integrate research findings and can be cost 
effective, allow the heterogeneous grouping of children, 
and encourage cooperative learning. Teachers can provide 
more opportunity for on-task work without necessarily 
spending more time with students. This approach can be 
particularly effective during seat-work time, when 
teachers are usually busy with a reading group and the 
students are expected to work on their own. Surprisingly, 
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there is very little research on the use of CAI in the 
teaching of handwriting. 
The only research that has been completed was 
conducted in Australia and Canada and has not yet resulted 
in software for commercial use [Brewer, Cunningham, & 
White, 1990? Lally, 1981a, 1981b; Lally & MacLeod, 1982, 
1984a; MacLeod & Proctor, 1979; White, Cunningham, & 
Brewer, 1989] . The only commercial handwriting courseware 
available is Write Now for the Apple lie, lie, and Ilgs. 
It was produced in the United States by Ruth Herman and 
Vivian Herman Singer in 1989 and is now available for 
IBM-compatible personal computers. 
Furner [1985] recognized that handwriting would be 
necessary even in the computer age and made various 
recommendations. She suggested that to facilitate reading 
and the use of computers, only manuscript should be taught 
and that effective teaching must be based on the 
recognition that handwriting is a perceptual-motor skill 
and therefore perceptual learning techniques should be 
used. Furner concluded that the characteristics of 
CAI—which include individualization of the rate of 
learning, adjustment of difficulty, feedback, and 
reinforcement--can facilitate the learning of handwriting. 
She made the following recommendations for research on the 
use of CAI in the teaching of handwriting: 
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1. Research is needed with different types of 
populations to determine the effectiveness of CAI. 
2. Research is needed to find ways in which teachers 
can integrate CAI most effectively with other strategies. 
3. Principles of perceptual learning should be 
incorporated when courseware is being developed. 
4. The interactive capability of CAI should be used 
to facilitate discovery and decision making; multisensory 
modes should be incorporated along with research-supported 
instructional techniques utilizing a variety of 
peripherals, such as graphic tablets and pens, voice 
synthesizers and recognition devices, videodisks, and 
videotapes. 
5. Courseware should be individualized to facilitate 
self-evaluation and identification of needed improvements. 
Lally and MacLeod [1982, 1984] conducted a series of 
research studies with the use of very expensive equipment 
that permitted the integration of research findings in a 
courseware that took advantage of the interactive quality 
of the computer. The students wrote on a digital tablet 
with a special pen and then were able to see their letters 
superimposed on a model, thereby receiving immediate 
feedback. 
In another experiment, Lally [1981b] had exposed 
students to criteria determined by the size of the cursor. 
For some students the size of the cursor did not change 
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whereas for others it went from big to small, allowing for 
success and at the same time becoming more demanding as 
the child mastered the skill or showed improvement. Lally 
found that students who remained working with a big cursor 
did not show any improvement and that those who started 
with a big cursor that decreased in size as they 
progressed showed the most improvement. He concluded that 
the use of the computer was not responsible for the 
student's acquisition of the skill but that it was the way 
the instruction was structured. Lally believed that 
computer instruction uses technology to direct the 
student's attention to the relevant aspects of learning. 
CAI creates a paradigm that is not possible with 
conventional teaching aids, extending the ranges of 
possible teaching paradigms. This increases the control 
over critical learning, making learning challenging and 
interesting. 
Research on handwriting indicates that satisfactory 
skill acquisition can be facilitated if a student is 
accurate and consistent in the motor patterns produced and 
at the same time makes active decisions [Lally, 1981a]. 
This is not possible with teaching techniques that either 
do not give an opportunity for active decision making 
about letter shape and stroke sequences (tracing) or do 
not promote accuracy in the patterns produced (copying). 
Another requirement for skill acquisition is to transfer 
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control of the skill from conscious visual feedback to 
unconscious muscular processes so that control becomes 
automatic. 
The CAI courseware developed by Lally and MacLeod 
[1982] permits the student to be an active learner by 
providing opportunities for decision making while 
promoting accurate letter formation through the use of 
prompts. The student has to predict the sequence of 
strokes needed to complete letter shapes in a tracking 
exercise. During this exercise the student has to press 
the pen and stay in a path by following a thin guideline. 
If the student stays on track, the guideline thickens; if 
the student goes off track, the guideline stops and a 
blinking spot indicates where the pen should be. This 
provides immediate feedback, which does not allow the 
student to practice an incorrect letter stroke. Lally and 
MacLeod did not produce commercially available software, 
mainly because of the cost of the computer equipment 
designed for this project, DEC PDP 11/20. The courseware 
teaches uppercase and lowercase letters and numerals. 
Recent research similar to that of Lally and MacLeod 
[1982] has been reported by White et al. [1989] and Brewer 
et al. [1990]. These researchers used less expensive 
equipment than that of Lally and MacLeod. They used an 
IBM-PC (256K) computer and a digitized graphics tablet 
(Kurta Series 2) with an attached ballpoint pen modified 
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of the skill from conscious visual feedback to unconscious 
muscular processes so that control becomes automatic. 
The CAI courseware developed by Lally and MacLeod 
[1982] permits the student to be an active learner by 
providing opportunities for decision making while 
promoting accurate letter formation through the use of 
prompts. The student has to predict the sequence of 
strokes needed to complete letter shapes in a tracking 
exercise. During this exercise the student has to press 
the pen and stay in a path by following a thin guideline. 
If the student stays on track, the guideline thickens; if 
the student goes off track, the guideline stops and a 
blinking spot indicates where the pen should be. This 
provides immediate feedback, which does not allow the 
student to practice an incorrect letter stroke. Lally and 
MacLeod did not produce commercially available software, 
mainly because of the cost of the computer equipment 
designed for this project, DEC PDP 11/20. The courseware 
was designed to teach uppercase and lowercase letters as 
well as numerals. 
Recent research similar to that of Lally and MacLeod 
[1982] has been reported by White et al. [1989] and Brewer 
et al. [1990]. These researchers used less expensive 
equipment than that of Lally and MacLeod. They used an 
IBM-PC (256K) computer and a digitized graphics tablet 
(Kurta Series 2) with an attached ballpoint pen modified 
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to improve accuracy. The students wrote on a sheet of 
paper placed on the tablet. The courseware was designed 
to teach average and retarded students how to produce the 
strokes for the lowercase letter q. The courseware 
integrated the use of modeling, corrective feedback, and 
reinforcement. A child's letter was compared to the model 
on the color monitor by being superimposed on the model. 
A pink color was displayed on strokes that did not match 
the criterion. Reinforcement was administered according 
to accuracy. It consisted of pictures of faces that could 
go from a smile to a grimace and pictures of ice cream. 
The criterion for reinforcement was tightened as the 
student progressed. 
In their 1989 study with average students. White et 
al. provided no starting dots or outlines (prompts) for 
the students to trace as did Lally and MacLeod [1982] in 
their research. Lally and MacLeod used a fully shaded 
outline of the letter q on the writing sheet for the 
students to trace as a prompt. In their 1990 study. 
Brewer et al. used a similar technique with retarded 
students. In this study the researchers faded the 
prompts across each line on the sheet to encourage 
generalization by the retarded students and make sure 
they learned more than tracing over letter outlines. 
The only commercially available courseware was 
designed by Herman and Singer [1989]. Ruth Herman, an 
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elementary school teacher, was looking for a way of 
modeling letters for students to copy. She found that 
when she used the chalkboard to demonstrate letter 
formation the students were not able to see the letter as 
she formed it because she was standing in front of it 
[R. Herman, telephone conversation, January 1992]. The 
courseware designed by Herman and Singer consists of 
dynamic modeling of letter formation, which permits the 
student to see how the letter is formed. The child 
copies the letter on regular paper and compares his/her 
product with the model. The program does not take 
advantage of the interactive characteristics of the 
computer. It facilitates teaching of handwriting by 
demonstrating accurate letter formation. It can be used 
by the students individually or in pairs. The student can 
see the letter formed on the monitor as many times as 
desired by pressing the desired letter on the keyboard. 
A program designed by Nicholas Barker [telephone 
conversation, March 1992] provides effective monitoring 
for the learning and remediation of the lowercase 
alphabet. The courseware integrates copying, critical 
analysis, immediate feedback, and dynamically formed 
segments of the letter to copy. The hardware for the 
program consists of an Apple II-PC and a graphic tablet 
peripheral called Power Pad. The tablet does not require 
a special pen [Tovar & Barker, 1986]. Tovar and Barker 
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[1986] used the courseware in a study similar to the one 
conducted by Brewer et al. [1990] in that it was based on 
reinforcement. The student saw a model of the letter 
reproduced on the screen and imitated its letter strokes. 
The student's letter appeared superimposed on the monitor 
model. Subjects were 16 moderately learning disabled 
students in first and second grades in Montreal, Canada, 
who experienced difficulties in handwriting. They used 
the computer individually for a period of 20 min a day for 
8 weeks while the teacher was conducting other tasks with 
the large group. Tovar and Barker indicated the 
courseware resulted in significant success when compared 
with the results of traditional teaching techniques. 
It appears that Lally and MacLeod [1982] have 
integrated the most relevant research findings with regard 
to computer-assisted instruction in handwriting, although 
they have not been able to produce commercially available 
hardware. Lally and MacLeod discontinued their research 
during 1985 due to lack of funding [personal communication, 
May 1992]. However, they have been able to substantially 
reduce the cost of hardware. MacLeod [personal communica¬ 
tion, May 1992] stated that he now has the program run on 
Apple II and IIS computers with a Power Pad graphic 
tablet. He found some problems with the Power Pad and the 
Apple HE but solved them. He reported that Apple has 
discontinued the Power Pad and that it can only be 
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purchased second-hand. Further search by this investi¬ 
gator found that Dunamys, Inc., in Georgia manufactures a 
Power Pad but it does not work with any of the handwriting 
programs. Lally [personal communication. May 1992] 
indicated that he can run the program on a Macintosh with 
a mouse or a Mac graphics tablet. It appears that 
complete integration of research findings in a courseware 
has been prevented by the lack of funding necessary to 
make this possible. 
Computer-assisted instruction has many advantages in 
education. It can give a teacher time to check each 
student's progress more effectively and provide immediate 
feedback or one to one demonstration when needed. It 
allows the student to interact with the computer, which 
is a reinforcement. The criterion for performance can be 
increased by the student as he or she progresses. The 
student has the opportunity to see and evaluate his of her 
performance immediately without having to wait for the 
teacher to check the assignment. The student can 
administer self-reinforcement when properly trained. It 
is hoped that as technology progresses, educators will be 
able to use courseware with all the components designed by 
Lally and MacLeod [1982], including reinforcement. 
CHAPTER 3 
METHODOLOGY AND PROCEDURES 
This study was designed to test the impact of three 
methods of instruction in handwriting skills: traditional 
copying and tracing techniques, computer-assisted instruc¬ 
tion, and computer-assisted instruction with reinforcement. 
Three groups of subjects were exposed to the three types 
of intervention to determine what effect the interventions 
had on improvement in handwriting skills. 
Subjects 
The subjects for this study were 42 Spanish-speaking 
male and female students between the ages of 4 and 7 years. 
A letter (Appendix A) in both English and Spanish was sent 
to each child's parents requesting permission for the 
child to participate in the study. Parents were also 
asked to complete a questionnaire (Appendix B) to give the 
researcher pertinent information regarding the children. 
Children participating in the study were randomly assigned 
to the three experimental groups. 
Instrumentation 
The instrumentation for this study consisted of four 
tests and computer-assisted instruction. Prior to and 
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each week during the study, a test to evaluate the hand¬ 
writing skills of the subjects was administered. Also 
prior to implementation of the interventions, the Visual- 
Motor Integration (VMI) test [Berry, 1989], Raven's 
Coloured Progressive Matrices test [Raven, Court, Raven, 
1983] , and the Visual Aural Digit Span (VADS) test 
[Koppitz, 1977] were administered to all participants to 
determine whether they had any deficits that might 
interfere with their ability to acquire handwriting skills 
and to assess their mental ability. The computer-assisted 
instruction was accomplished with Apple II and IBM 
personal computers and courseware developed by Ruth Herman 
and Vivian Herman Singer [1989, 1990], 
Test of Handwriting Skills 
To test handwriting skills, the children were asked 
to copy the letters of the alphabet from flash cards shown 
them. They were allowed to look at the cards for 1 minute 
if they so desired. They were instructed to skip the 
letters they could not copy. The process took an hour. 
An adaptation of the behavioral definitions and recording 
methods used by Helwig, Johns, Norman, and Cooper [1976]; 
Jones, Trap, and Cooper [1977]; and Trap, Milner-Davis, 
and Cooper [1978] (see Appendix C) was used to evaluate 
the quality of letter formation. 
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Visual-Motor Integration Test 
The VMI test is designed to measure pre-readiness 
skills that determine whether there are learning 
disabilities. It measures visual perception and motor 
integration. A child who gets a low score on the VMI test 
very likely will experience difficulties in handwriting. 
This instrument consists of 24 geometrical figures that 
the child should copy. Interrater reliability ranges from 
.93 to .98. The test norms were revised in 1988 with a 
representative sample, taking into consideration gender, 
income, ethnicity, and residence [Berry, 1989]. 
Raven's Coloured Progressive Matrices Test 
Raven's Coloured Progressive Matrices test is a 
nonverbal test of reasoning ability that consists of three 
sets of 12 items each. For each set of 12 items the child 
must identify the missing piece of a pattern from six 
possible options. This instrument was originally standard¬ 
ized with a representative sample of British children 
between the ages of 6 and 13. Correlations with both the 
Stanford-Benet test and the Wechsler Scale ranging from 
.55 to .86 have been reported [Raven et al., 1963]. This 
test has also been standardized with a sample of 2,911 
Puerto Rican children. Correlations averaging from .86 to 
.95 were found. Test-retest reliability ranged from .71 
to .92 [Kahn, Speers, & Rivera, 1977]. 
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Visual-Aural Digit Span Test 
The Visual-Aural Digit Span (VADS) test is one in 
which the child is asked to orally repeat and copy a 
series of numbers that are presented visually and 
auditoraly. It consists of four parts: aural-oral 
(repeating what is heard), visual-oral (copying what is 
seen), aural-written (copying what was heard), and 
visual-written (copying what was seen). It measures 
recall, processing, and integration of sense modalities 
and determines the child's ability to read aloud, take 
dictation, or copy from memory. A series of studies 
indicated the VADS correlates well with the Wechsler 
scales and school achievement [Koppitz, 1977]. 
Computer-Assisted Instruction 
The hardware used for the computer-assisted 
instruction consisted of Apple II and IBM personal 
computers. The courseware was the Write Now program 
created by Ruth Herman and Vivian Herman Singer [1989, 
1990]. This courseware consists of music, motion, and 
letter strokes. It also provides a description of letter 
formation. The letters formed by the computer are large 
enough for an entire class to see. The teacher can 
provide a class demonstration of letter formation without 
being in the way of the students' view and at the same 
time face the class. This program shows the student how 
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to form curves and lines, where strokes start, in which 
direction they go, and proper proportion. 
The program contains eight lessons developing 
uppercase and lowercase letters in groups according to the 
strokes needed to form them. Pupils learn to write by 
listening to music, following written directions and 
arrows that signal directions, and watching the letters as 
they are formed on the screen [Herman & Singer, 1990]. 
The letters are grouped as follows: Lesson 1, vertical 
and horizontal lines, I, F, E, L, T, I, H, i, t; Lesson 2, 
large circles and arcs, O, Q, C, G, U, u; Lesson 3, small 
circles and arcs, o, a, d, c, e, f; Lesson 4, small 
clockwise circles and arcs, h, n, r, m, p, b; Lesson 5, 
large clockwise circles and arcs, D, P, R, B; Lesson 6, 
clockwise tails, g, J, j, S, s; Lesson 7, diagonal lines, 
N, Z, z, Y, y, K, k; and Lesson 8, complex diagonals, 
X, x, Y, y, K, k. Lessons 9 and 10 provide training on 
capital and small letters, respectively, with words 
beginning with letters a through z in that order for the 
student to practice. These lessons also demonstrate good 
proportion and spacing. Lesson 11 reviews all the letters 
of the alphabet in order but pairs uppercase and lowercase 
letters together, such as Aa, Bb, Cc, and so on. Lesson 
12 gives the student the opportunity to create and 
practice his or her own words. The student or the teacher 
can decide the order of the lessons. 
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The program consists of a number of steps as 
described by Herman and Singer [1990] : 
1. For Apple computers the student places the disk 
in the computer. For IBM computers the student turns the 
computer on and waits until Windows with Microsoft is 
ready on the screen. 
2. For Apple computers the student turns the 
computer on and waits for the program to be loaded. For 
IBM computers the student places the disk in Drive A, 
clicks the Management Files from the Windows menu and when 
this opens clicks Drive A, then looks for Write Now click 
and hits Enter for the program to open. 
3. The student uses the arrow keys to move around 
the screen—up, down, left, right. 
4. The student presses the Enter key to continue and 
Page Up to repeat. 
5. The student uses the Escape key to go back to the 
menu. 
6. The student finds the letters on the keyboard and 
uses the shift key for capital letters. 
This courseware incorporates elements critical to the 
effective learning of handwriting. Presenting the 
students with dynamically formed letters to copy, it 
indicates the directions of the strokes to reinforce 




The interventions used in this study were implemented 
as follows: 
During the first week of the study, the three groups 
of subjects were exposed to traditional teaching 
techniques for handwriting in their regular classrooms. 
Their teachers modeled letters on the chalkboard for them 
to copy. They also copied and traced models in their 
Zaner and Blozer handwriting workbooks. The teachers made 
presentations to groups of a maximum of 17 students. The 
teacher aides and student interns also supervised groups 
of 7 or 8 students engaged in drill practice during 
seat-work time. They offered feedback and individualized 
demonstration while the teacher was working with a reading 
group. Students were also given sheets with letters to 
take home for more practice. For example, a sheet might 
contain the letter a written at the top of the paper 5 
times. The children were asked to trace the letters and 
then copy them 25 times. 
During the 2nd through 6th weeks of the study. 
Group 1 continued learning handwriting skills with the 
traditional teaching instruction while Groups 2 and 3 used 
computer-assisted instruction only. Group 3 also received 
positive reinforcement. The reinforcement consisted of a 
token economy. A student earned 1 point for each new 
letter correctly formed. The points were exchanged for 
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items (see Appendix D). A visual graph indicating the 
progress of the subjects in Group 3 was also displayed in 
the computer room where they were working. The children 
chose animals to represent themselves in the graphic and 
to assure privacy. 
The researcher showed the children in Groups 2 and 3 
how to set up the computers. Children were assigned to 
the computers in pairs because of the lack of equipment. 
This worked well as they encouraged each other and 
provided feedback. The children decided with whom they 
were going to work and took turns in the operation of the 
computer and deciding which letter to practice. All the 
students followed the cluster order of the Write Now 
program. As they mastered each cluster they moved on. 
However, they were challenged to create their own words to 
practice, but only with letters they had already mastered. 
For this they used dictionaries according to their grade 
level or they would attempt to spell words on their own. 
During this stage, children who knew Spanish had the 
opportunity to create their words in Spanish. Students 
were also able to practice with pairs of upper and lower 
case letters after mastery of such letters. All students 
using the computer learned the movements necessary to 
produce a stroke. They memorized the instructions and 
repeated them as they practiced. This technique 
strengthened the visual and motor perception of the shape 
of the letter and facilitated the formation of strokes. 
(See Appendix E for a summary of the three interventions). 
Data Collection 
Prior to introduction of the interventions, a pretest 
of handwriting skills was administered to the subjects to 
provide a baseline. The same test was given on a weekly 
basis for the duration of the study. Subjects were asked 
to copy lower case manuscript letters and two trained 
examiners, using the behavioral definitions and recording 
methods previously mentioned, evaluated the quality of the 
letter formations. Data were collected for the three 
groups every Friday. The data consisted of the number of 
letters produced according to criteria. 
Follow-up data were collected for 3 consecutive weeks 
after the interventions were discontinued. The purpose of 
the follow-up was to see whether any skills acquired were 
maintained over a period of time or whether the novelty of 
using a computer might have influenced Groups 2 and 3. 
The researcher and an elementary school teacher rated 
the children. Blind scoring was conducted to avoid a halo 
effect in rating. The raters studied the definitions and 
recording methods and rated 10 students together. They 
then compared the ratings of 5 children they rated 
individually to see if there were any discrepancies. They 
practiced until they reached 100% agreement. If the 
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raters can not reach an 85% agreement, the definitions and 
recording methods need to be revised. The formula used to 
calculate the inter-rater agreement was as follows: 
number of agreements . - _ 
___ _  x 100 _% 
agree + disagree 
Research Questions and Hypotheses 
This study was designed to determine whether there is 
a significant increase in the acquisition of handwriting 
skills when computer-assisted instruction is used with 
children ages 4 to 7 years. The following research 
questions were addressed: 
1. Will the gains made in number of letters written 
correctly under traditional instruction, computer-assisted 
instruction, and computer-assisted instruction with 
reinforcement be significantly different from each other 
when compared over time? 
2. Will the gains made under each method of 
instruction be sustained during a period of 3 weeks 
following discontinuance of instruction? 
The research questions were tested in the null form 
(i.e., interventions do not produce a significant 
difference in the number of letters correctly written). 
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Research Design 
A multiple-baseline design, across interventions and 
across time [Sulzer-Azaroff & Mayer, 1986; Sulzer-Azaroff 
& Reese, 1982] , was chosen by the researcher so that all 
groups could be compared with each other. The design 
facilitated the collection of the results of each 
intervention. The dependent variable in this study was 
handwriting skill. The independent variables were 
traditional instruction, computer-assisted instruction, 
and computer-assisted instruction with reinforcement. 
Statistical Procedures 
One-way analysis of variance (ANOVA) procedures were 
used to investigate research question 1 at the .05 level 
of significance. The ANOVA compared the mean number of 
letters written correctly be each group each week. This 
procedure is useful when the means of more than two groups 
are compared because it permits the researcher to make 
statements about overall differences among means of groups 
[Norusis, 1986; Pagano, 1984]. One group is not allowed 
to appear significantly different by chance alone and the 
procedure determines whether groups differ significantly 
from each other. When between group differences are 
greater than within group variances, the results are a 
large F ratio (between group variance divided by within 
group variance). The larger the ratio, the greater the 
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possibility of significant group differences. A level of 
significance for the F ratio was calculated. If this 
level was less than .05, it was concluded there was a 
significant difference among the groups. 
When a significant difference was revealed by the 
ANOVA, a Scheffe's procedure was conducted to determine 
where the significant difference might exist. This 
procedure allowed the evaluation of all comparisons while 
maintaining the Type I error rate (rejecting a true Ho) at 
an alpha level of .05. For example, if there was a 
significant F ratio, the Scheffe procedure compared the 
Group 1 mean score with Group 2 and Group 3 mean scores 
and the Group 2 mean score with the Group 3 mean score to 
determine which was significantly different. 
Pearson product-moment correlation coefficients were 
computed to evaluate the relationship between the mean 
number of letters correctly written by each group of 
subjects and scores on the VMI, VADS, and Raven tests. A 
correlation coefficient can be used to summarize the 
strength of a linear relationship between two variables. 
Limitations of the Study 
This study had a number of deficiencies that limit 
the predictive potential of the results. This should be 
kept in mind in by those interpreting its results or 
attempting to replicate it. Two limitations were the 
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small size of the sample and the time invested in the 
study. In order to answer the research questions with 
more certainty, a larger number of students should have 
been involved over a longer period of time. Also, it was 
not possible for the subjects in this study to use the 
computers individually as a self-instructional technique 
because of the number of subjects involved. A classic 
limitation was the volunteer nature of the sample. It can 
be assumed that volunteers would be more motivated than 
would students who had not volunteered but were instructed 
in their regular classrooms by their teachers. 
Better planning for generalization was needed in 
order to have the children exhibit their newly acquired 
skills at each and every opportunity. Some of the 
students involved in this study did not complete written 
work in their regular classrooms comparable with the 
quality of work performed during the intervention 
sessions. This could have been prevented by letting them 
know they would also be randomly evaluated on their 
regular classroom work. The teachers could have offered 
incentives to encourage the children to use their acquired 
skills automatically. It is common for children to 
perform well in tests of handwriting, punctuation, or 
capitalization but to show very little care in daily 
assignments and tasks that require the application of this 
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knowledge. Therefore it is important to plan for 
generalization over time and settings. 
Particular care should be taken when working with an 
ethnic group clustered in the same school or neighborhood, 
especially if the subjects work cooperatively, as this can 
be a confounding variable. In this study some of the 
children in the sample were related, for example there 
were three siblings and five cousins from the same family. 
These children worked together, practiced at home, and 
worked very hard to achieve. It is possible the gains 
made by the younger children of the family were in part 
due to the coaching and supervision of the older siblings 
and cousins. It is also relevant to report that the 
parents of these children were highly motivated to work 
with the children and could have been partly responsible 
for their success. 
Another limitation was that the researcher was one of 
the monitors of the CAI groups, although the monitors 
alternated groups. The enthusiasm of the researcher was 
not controlled, therefore many of the activities designed 
to supplement the practice turned into games that the 
children enjoyed. This may have helped the students 
acquire concepts easily and maintain them for longer 
periods of time. 
CHAPTER 4 
ANALYSIS OF DATA 
The results of the analysis of the data collected 
in this study as well as descriptive statistics for the 
subjects who participated are presented in this chapter. 
The 42 subjects were randomly assigned to three groups so 
that there were 14 in each group. The three groups were 
administered different instructional techniques for 
manuscript handwriting. Prior to initiation of the 
interventions, a pretest was given the subjects to 
establish baselines. To measure the long-term effect of 
the three types of instruction, the researcher collected 
follow-up data for 3 weeks after the interventions were 
concluded. 
The students in Group 1 were exposed to 6 weeks of 
traditional instruction for manuscript handwriting. They 
were supervised and instructed in large and small groups 
by a teacher and two student interns who also administered 
the weekly testing to measure correct letter formation. 
The students in Group 2 spent Week 1 of the study 
learning manuscript handwriting with traditional instruc¬ 
tion. During Weeks 2 through 6, these students were 
exposed to computer-assisted instruction (CAI). They 
worked independently after they were taught how to use the 
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courseware. The person in charge of the group provided 
feedback, answered questions, and administered weekly 
tests to measure correct letter formation. 
The members of Group 3 were exposed to traditional 
instruction during Week 1 of the study and to computer- 
assisted instruction with reinforcement (CAI-R) during 
Weeks 2 through 6. Reinforcement consisted of a token 
economy. The children received chips with a point value 
for each letter correctly written. These chips were 
exchanged for tangible rewards. A graph showing the 
progress of these subjects was on display for further 
reinforcement. The person in charge of this group also 
provided feedback, answered questions, and administered 
weekly tests to measure correct letter formation. 
Descriptive Statistics 
Of the 42 Puerto Rican students who volunteered to 
participate in this study, 22 were females and 20 were 
males. Their chronological ages ranged from 4.9 years to 
7.0 years. Fourteen were in kindergarten, 10 were in 
first grade, and 18 were in second grade. Twenty of the 
children were born in Puerto Rico, 21 were born in 
continental United States, and 1 was born elsewhere. 
Twenty lived in Spanish-speaking households, 21 in 
bilingual households, and 1 came from an English-speaking 
household. All of the students were from households 
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considered to be under the poverty limits established by 
the Federal Government and were eligible to receive free, 
reduced-cost, or fully paid lunches. All of the children 
came from single-parent households; 15 of the parents 
attended grammar school, 14 went to junior high school, 
and 13 attended high school. Only 1 parent graduated from 
high school. Descriptive statistics for the subjects by 
intervention group may be found in Appendix F. 
Research Question Analyses 
Research question 1 asked whether the gains in number 
of letters correctly written under each method of instruc¬ 
tion would be significantly different from each other when 
compared over time. Table 1 shows the mean number of 
letters written correctly by each of the experimental 
groups in the pretest, in the weekly tests during 
intervention, and in the three follow-up tests. Figure 1 
(p. 85) also graphically illustrates this data. 
The results of the ANOVA computed each week to 
compare mean scores of the three groups of subjects 
demonstrated there was a significant difference during 
Week 5 (F = 3.50, £ = .04) as well as during Week 6 (F = 
4.39, £ = .019) of the study (Tables 2 and 3). A Scheffe 
procedure was performed to determine where the differ¬ 
ence (s) might exist. The findings from this analysis 
indicated that the mean number of letters written 
83 
correctly was significantly greater under computer- 
assisted instruction with reinforcement than under 
traditional instruction during Weeks 5 and 6. There were 
no significant differences in mean number of letters 
written correctly during these weeks between subjects 
participating in computer-assisted instruction alone and 
those participating in traditional instruction or 
computer-assisted instruction with reinforcement. 
Table 1 
Mean Number of Correct Letters Formed Over Time Under 
Traditional Instruction (TI), Computer-Assisted 
Instruction (CAI), and Computer-Assisted 
Instruction With Reinforcement (CAI-R) 
Time TI CAI CAI-R 
Pretest 12.86 12.93 14.64 
Week 1 14.14 14.07 16.07 
Week 2 15.36 16.29 17.86 
Week 3 16.71 18.21 19.29 
Week 4 17.86 20.00 21.21 
Week 5 19.07 21.29 22.64 
Week 6 20.21 22.57 24.07 
Week 7 20.21 22.57 24.07 
Week 8 20.21 22.57 24.07 
Week 9 20.21 22.57 24.07 
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Table 2 
Summary of Analysis of Variance Comparing Mean Number 
of Correct Letters Formed During Week 5 Under 
Traditional Instruction, Computer-Assisted 
Instruction, and Computer-Assisted 
Instruction With Reinforcement 
Source SS df MS F 2 
Between groups 91.00 2 45.50 3.5 .04 
Within groups 507.00 39 13.00 
Total 598.00 41 
Table 3 
Summary of Analysis of Variance Comparing Mean Number 
of Correct Letters Formed During Week 6 Under 
Traditional Instruction, Computer-Assisted 
Instruction, and Computer-Assisted 
Instruction With Reinforcement 
Source SS df MS 
Between groups 105.86 






Total 576.57 41 
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Research question 2 asked whether the gain in number 
of letters written correctly under each method of instruc¬ 
tion would be sustained during a period of 3 weeks 
following discontinuance of instruction. Table 1 (p. 83) 
and Figure 1 illustrate that the gains made during the 
last week of intervention (Week 6) were maintained during 
Weeks 7, 8, and 9. 
Pre- Wl W2 W3 W4 W5 W6 W7 W8 W9 
test Weeks 
Figure 1 
Comparison of Mean Number of Correct Letters Formed 
Over Time Under Traditional Instruction (TI), 
Computer-Assisted Instruction (CAI), and 
Computer-Assisted Instruction With 
Reinforcement (CAI-R) 
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Correlations Between Perceptual Skills 
and Handwriting Skills 
Research indicates that deficits in perceptual skills 
may increase difficulties in acquiring handwriting skills 
(Furner, 1985). The Visual-Aural Digit Span (VADS) test, 
the Berry Visual-Motor Integration (VMI) test, and the 
Raven Coloured Progressive Matrices test were administered 
to determine whether there were relationships between the 
subjects' perceptual skills and their handwriting skills. 
Pearson product-moment correlations between mean scores on 
these tests and mean scores on the pretest and weekly 
tests of handwriting skills were computed for the entire 
sample as well as the three experimental groups (see 
Appendix G). 
The VMI and Raven mean test scores for the entire 
sample correlated significantly (£ < .001) with the mean 
pretest score as well as the mean weekly scores for number 
of letters written correctly. These results indicated 
that visual perception, motor integration, and non-verbal 
reasoning ability were positively related to the number of 
letters written correctly by the subjects in this study. 
The correlations between the VADS mean test score (ability 
to copy from memory) and mean number of letters written 
correctly were not significant (£ > .05) . 
For Group 1 significant correlations (£ < .05) 
existed between the mean score on the Raven test and the 
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mean scores on the pretest and weekly tests throughout the 
entire study. There were also significant correlations 
(£ < .05) between the mean VMI test score and the mean 
scores of Group 1 for number of letters written correctly 
from Week 4 through Week 9. These findings are similar to 
those for the entire sample. There were no significant 
correlations (£ > .05) for Group 2 between the mean scores 
on the perceptual tests and mean scores for the pretest 
and weekly tests of handwriting skills. For Group 3 there 
were significant correlations (£ < .05) between the VMI 
mean test score and the mean number of letters written 
correctly from Week 2 through Week 9. 
CHAPTER 5 
DISCUSSION AND SUMMARY 
The purpose of this study was to investigate the 
impact of computer-assisted instruction on the learning of 
manuscript handwriting. Three groups of Spanish-speaking 
students, ages 4 to 7, were administered three different 
instructional programs: traditional instruction, 
computer-assisted instruction (CAI), and computer-assisted 
instruction with reinforcement (CAI-R). The students were 
pretested to establish baselines and then were tested 
weekly during the 6 weeks of instruction. To determine 
whether any gains made during instruction were maintained 
over time, tests were also administered for 3 weeks 
following termination of the instruction. 
The data indicate that all groups made gains from 
week to week and that the gains were maintained for the 3 
weeks of follow-up. These results support the handwriting 
model proposed by Graham and Miller [1980] . These authors 
recommended direct instruction as opposed to incidental 
teaching; individualized, planned, monitored, and modified 
instruction; use of a wide variety of techniques; short 
daily sessions; practice of skills in isolation and their 
integration into meaningful contexts; pleasant learning 
environments; and encouraging students to evaluate their 
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work. The finding that the students maintained their 
acquired skills during the 3 weeks of follow-up was 
corroborated by an informal review of their overall 
written work that indicated many of them were paying 
careful attention to their penmanship even when they were 
not being tested. 
The results of the one-way analysis of variance 
comparing mean number of letters correctly formed by the 
three groups of subjects each week showed that at Weeks 5 
and 6 there was a significant difference among the groups. 
Scheffe procedures determined that CAI-R resulted in 
significantly greater improvement in handwriting skills 
than traditional instruction. There was no significant 
difference in improvement of handwriting skills between 
CAI-R and CAI or between CAI and traditional instruction. 
This research was concerned with the effectiveness of 
CAI as a learning tool. The fact that 14 students working 
in pairs, with one teacher monitoring the group, improved 
in handwriting skills more than those who worked with a 
teacher, an aide, and two interns indicates that students 
can learn independently. This finding supports the 
research conducted by Tovar and Barker [1986]. The use of 
CAI frees teachers to concentrate on children that need 
more individualized attention, that is, physical prompts, 
modeling, verbalization, kinesthetic exercises, and so 
forth. CAI allows students to work on their own or in 
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pairs at their own pace. In this study children were 
paired of necessity, but observation indicated that this 
was positive. Children encouraged each other, reviewed 
the behavioral chart together, and evaluated their work 
product constantly. The use of CAI and the supplemental 
activities were so rewarding for many of the students that 
they did not want to go home at the end of the day and 
some of the younger ones cried. 
It is important to note that there were some 
significant correlations between the number of letters 
correctly written and scores on the Visual-Motor 
Integration and Raven's Coloured Progressive Matrices 
tests which measured perceptual skills. Group 1, the 
traditional instruction group, which scored the lowest in 
improvement in handwriting skills, exhibited the greatest 
positive relationship between perceptual skills and 
handwriting skills. Group 3, which received CAI with 
reinforcement and which scored significantly higher than 
Group 1 in improvement in handwriting, also showed a 
positive relationship between some perceptual skills and 
handwriting skills. Group 2, the CAI group, which did not 
score significantly different from either of the other 
groups in improvement in handwriting skills, showed no 
positive relationship between perceptual skills and 
handwriting skills. No definite conclusions can be made 
from this data because there were no consistent patterns. 
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A more in-depth study with a larger sample needs to be 
completed to make generalizations or inferences regarding 
these effects. 
Implications for Further Research 
This study was conducted with the purpose of 
investigating the effectiveness of CAI in handwriting 
instruction and to determine the need for further 
research. It was not possible for this investigator to 
test software that integrated the best of research 
findings, that is, software that actively encourages 
decision making but prevents the child from practicing 
incorrect letter formation and provides immediate feedback 
and reinforcement, taking advantage of interactive tech¬ 
nology. Although CAI appears to overcome the practical 
problems associated with providing individualized 
instruction [White et al., 1989], transfer of research 
findings on CAI and handwriting skills to the classroom 
has not occurred. 
Lally and MacLeod [1984a] indicated there is a need 
for "inexpensive and readily available computer technology 
which preserves the educational validity of techniques 
developed during original research" [p. 166]. It seems 
that for this to happen parents and educators must join in 
an effort to encourage research and the development of 
computer software that integrates findings and provides 
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programs that take advantage of the interactive capacity 
of computers to present material in a way that only 
computers can. Many teachers complain that a distractable 
child can play for long periods of time with a Nintendo 
game. They do not realize that Nintendo is using certain 
strategies—sound, motion, and color—to maintain the 
interest and the attention of children. 
It is of crucial importance to continue to test 
available software for longer periods of time with larger 
samples to emphasize the significant gains made by 
children using CAI and the importance of investing in this 
type of research. Software such as that used in this 
study should be enhanced and tested with students of 
different characteristics in terms of ethnicity, social 
class, intellectual ability, perceptual skills, handedness, 
and so forth. 
The present study was conducted for only 6 weeks. 
Differences among groups became significant during the 
fifth and sixth weeks and then interventions were 
discontinued. A similar study should be conducted for a 
longer period of time to determine whether the differences 
between groups would increase or eventually disappear. 
It is recommended that teachers conduct research 
based on their own practices. They can assess students 
writing, define procedures, implement teaching techniques, 
and measure students' performances. Teachers have the 




The results of this experiment indicate that most of 
the students who participated improved their handwriting 
skills, but those who participated in computer-assisted 
instruction with reinforcement performed the best. It can 
be concluded that the use of computer-assisted instruction 
with reinforcement is a very successful teaching technique 
for manuscript handwriting. The skills learned were 
maintained after instruction was discontinued and the 
students were able to exhibit good penmanship in most of 
their written tasks, which indicates that good handwriting 
became part of their basic skills repertoire regardless of 
the type of instruction used. The results of this study 
also point to the importance of setting aside time for the 
teaching of handwriting in a manner that is systematic, 
individualized, and functional. 
APPENDIX A 
LETTER TO PARENTS 
Dear Parent: 
I am in the process of completing the requirements 
for my doctoral degree in Education at the University of 
Massachusetts. For my dissertation I am conducting a 
study on the use of computer-assisted instruction in the 
teaching of handwriting skills to Spanish-speaking 
students. 
I am inviting your child to participate in this 
study, which is scheduled to start early in May and be 
completed by the middle of July. Your child will be 
randomly assigned to one of three groups. During the 
first 2 weeks, all the children will participate in 
traditional instruction but Groups 2 and 3 will also 
begin to use the computer to learn how to form letters. 
After 2 weeks. Group 1 will continue with traditional 
techniques. Group 2 will use only the computer to learn 
how to form letters. Group 3 will use only the computer 
but will be rewarded for each letter completed correctly. 
The criteria for correct letter formation will be 
previously determined. Each child's handwriting skills 
will be evaluated weekly to determine progress. The 
children from Group 1 will be offered instruction on the 
computer after the completion of the study. 
The study will require a commitment of approximately 
10 weeks of daily sessions of 20 minutes. All the 
children involved in the study will be evaluated with 
three tests: One will measure a child's ability to study 
a series of pictures and select the one that does not 
belong to the pattern group; one will measure the child's 
ability to copy geometrical figures correctly, and one 
will measure the child's ability to orally repeat or copy 
a series of numbers heard or seen. 
My goal is to analyze the findings of this study and 
present them in my doctoral dissertation. It is possible 
the results of this study will be used in the design and 
development of handwriting courseware. I am also planning 
to present the results of this study at educational 
conferences and perhaps to submit them for publication in 
a journal. However, I assure you that I will not use 
your child's name, nor will I give information that may 
lead to your child's identification. When I refer to 




If you are willing to have your child participate in 
this study as described, fill in the blanks at the end 
of this letter and sign your name. Keep one copy and 
return the other as soon as possible. If for any reason 
you change your decision and wish to withdraw your child 
from the study, you may do so without any problem. 
By signing this form you authorize your child to 
participate in the study under the conditions described. 
You also assure me that you will not make any financial 
claims now or in the future for your child's participation 
in this study. 
I will be looking forward to your response and will 
appreciate your cooperation in this study. 
Respectfully, 
Paula Torres-Ortiz, Doctoral Student 
School of Education, University of Massachusetts 
********************************************************* 
(Do not detach, return the complete form.) 
I, _, have read the above and 
authorize my son/daughter, _, 
to participate in the study as described and consent to 
the conditions established. 
Signature of parent Date 
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Estimados padres: 
Yo soy una estudiante doctoral de la Escuela de Education de la Universidad de 
Massachusetts y me encuentro en el proceso de completar los requisitos para dicho 
grado. Mi disertacion consiste de un estudio sobre los efectos de la instruction 
asistida por computadoras en la ensenanza de escntura a ninos de habla hispana. 
Estoy invitandole a que permita a su nino(a) participar en este estudio. El 
estudio comenzara aproximadamente a mediados de mayo y terminara a fines de 
julio. Su nino(a) sera asignado al azaar a uno de tres grupos. Durante las primeras 
dos semanas todos los ninos seran expuestos a tecnicas tradicionales de ensenanza. 
Despues de dos semanas el grupo uno continuara con tecnicas tradicionales, 
mientras los grupos dos y tres pasaran a usar computadoras. Los criterios de lo que 
constituye una letra correcta seran determinados previamente. Los ninos que no 
usaron computadoras durante el estudio podran hacerlo despues del estudio si asi lo 
desean. 
El estudio requiere un compromiso de diez semanas a razon de una sesion diaria 
de treinta minutos. Todo nino que participe del programa sera sometido a las 
siguientes pruebas: Berry Visual-Motor Integration Test (integration visual- 
motora); Visual Aural Digit Span Test (repetition de digitos auditivos-visuales); 
Raven Coloured Progressive Matrices (matrices progresivas de colores). La prueba 
Raven mide la capatidad de estudiar unas laminas e indicar el diseno que completa 
el patrbn. La VMI mide la habilidad del nino para copiar figuras geombtricas tal 
como las ve. La VADS mide la capatidad para repetir o copiar una serie de 
numeros que se han visto o escuchado. 
Mi proposito es analizar los hallazgos de este estudio para presentarlos en mi 
disertacion doctoral. Estoy planeando presentar el estudio en alguna conferentia 
educativa o someterlo para publication. Es posible que este estudio sirva para 
desarrollar un programa de computadora en escritura. Deseo asegurarle que no 
usare el nombre de su nino(a) ni mentionare ningun dato que pueda identificarle. 
Cuando me refiera al lugar donde se realizb el estudio lo hare asi "uno de los 
estados al norte de Nueva Inglaterra." Si permite que su nino(a) participe en el 
estudio de la manera antes descrita, llene los blancos al final de la carta y firme. 
Quedese con una copia y devuelva la otra lo antes posible. Deseo indicarle que si 
por alguna razon cambia de idea, podra retirar a su niiio(a) del estudio sin ningun 
problema. 
Al firmar este documento usted permite que su nino(a) participe del estudio de la 
forma antes descrita. Adem&s usted esta asegurandome que no me hara ningun a 
reclamation finantiera, ni ahora ni en el futuro por la participation de su niiio(a) en 
este estudio. 
Gracias por su cooperation en este estudio, espero su respuesta. 
Respetuosamente, 
Paula Torres Ortiz, Estudiante Doctoral 
Escuela de Education, Universidad de Massachusetts 
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(No desprenda esta parte, devuelva este formulario completo y quedese con una 
copia para su archivo) 
Yo,_ he leido lo anterior y permito que mi 
nino(a)_participe en el 
estudio antes descrito, bajo las condiciones ya establecidas. 
Firma del padre, la madre o encargado Fecha 
APPENDIX B 
QUESTIONNAIRE 
This study is designed to help children acquire or improve 
handwriting skills. Please complete this questionnaire. 
This information will serve to describe the children that 
participated in the study and may help in determining 
whether some of these items have any impact on the way 
children learn to write. This information will be kept 
confidential. 
Student's name _ Age _ 
Date of birth  
Place of birth  
Language spoken at home  
Parents' occupation(s) _ 
Parents' education  
Does your child receive bilingual education services? 
_ yes _ no 
If no, since when has your child taken all his/her 
courses in English? _ years _ months 
Does your child receive Chapter I services? 
_ yes _ no 
Does your child receive Special Education Services? 
_ yes _ no 
Why do you want your child to participate in this study? 




Este estudio ha sido disenado para ninos que estan aprendiendo a escribir o 
necesitan mejorar su escritura . Haga el favor de contestar este cuestionario, el 
mismo sera usado para describir los ninos que participen en el estudio y para ver si 
estas caracteristicas diferencian la forma en que ellos aprenden. Esta information es 
confidencial. 
Nombre del Estudiante:_ 
Fecha de Nacimiento:_ 
Lugar de Nacimiento:___ 
Idioma que se habla en el hogar:_ 
Ocupacion de los padres:_ 
Educacion de los padres:_ 
Participa su nino (a) de educacion bilingue?_Si_No 
Si la respuesta es no, desde cuando toma todos los cursos en ingles?__ 
Participa su niiio(a) de los Servicios de Capitulo I? _ Si_No 
Participa su nino (a) de los Servicios de Educacion Especial? _Si_No 
Porque desea que su niiio(a) participe en este programa?_ 
Si su niho(a) tiene algun problema de escritura, por favor describalo. 
APPENDIX C 
BEHAVIORAL DEFINITIONS AND RECORD 
SHEET FOR EVALUATING LETTER FORMATION 
1. The letters must be within the confines of the 
overlay boundary line. 
Example: Correct 
E2E 
2. Length: Each stroke not completing a circle or loop 
must begin and end between the small slash mark and 
the line forming the confines of the letter. With 
the exception of the top of lowercase letters p and t, 
length will also be correct if it touches the line on 
the copy paper and is within the boundaries of the 
overlay. 
Example: Correct Incorrect 
Incorrect 
A 
3. Closed circles: All letters such as a, containing 
complete circles must be closed curves. 
Example: Correct Incorrect 
a. cl 
4. Interstroke contact: All strokes must be in contact 
with other strokes except for the dot above i and j. 
Example: Correct Incorrect 
100 
101 
5. Completeness: The letter must be complete with all 
strokes present. 
Example: Correct Incorrect 
g zz g 
6. The horizontal strike in the t and the diagonal 
strike in the x must intersect the other stroke near 
the center of the first stroke. 
Example: Correct Incorrect 
—kr- 
7. The line on the overlay must align with the red 
baseline on the copy paper for the space completely 
across the paper. 
Example: Correct Incorrect 
Note. Adapted from "A Brief Technical Report on the 
Measurement of Manuscript Letter Strokes" by J. J. 
Helwig, J. C. Johns, J. E. Norman, & J. 0. Cooper, 1976, 
Journal of Applied Behavioral Analysis, 9_, pp. 231-236. 
APPENDIX D 
TOKEN ECONOMY 
One point will be earned for each new letter correctly 










1 box of crayons 
1 coloring book 
1 board game 
1 puzzle 
1 construction kit 
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a) 3 3 • So 
g O M 3 a 
3 •H 3 M g • 3 3 
CO 4-1 So O 3 TO O 43 > Nw' a CN 3 CM So M 00 3 M M 
3 rH 3 •H G So Mi 
C Mi CM 3 (3 M M Mi *H 3 3 G CM 
o 4-1 3 •H 3 C a 3 3 M tH tH H 
•H CO O 4*2 •H 3 r-H 3 cm 3 3 
4-1 3 Mi 3 O O Mi 3 40 O 3 g 3 Mi 
U •H • • O 3 M CM Mi M •H •H •H H 3 G 
CO 0 4-1 3 O G 00 TO TO c > 3 
Mi vO TO 3 Mi Mi 3 r—H U •H C G 3 rH G 
CM 4-1 3 3 O 00 O 3 •H o 3 •H 
3 CO X 4-1 g 4-i O 43 3 Mi CM M 3 3 3 
o g 00 CO 3 Mi M G 3 43 rH 3 g O 
Ml •H 3 •H O 3 CM •H Mi M 3 Mi CM 3 O 3 M 
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• o CO Mi 3 IS 3 M 43 O 3 O 43 
tH Mi CO O M 3 3 H CM Mi 3 43 M TO 
3 r-H 43 3 4-1 3 3 TO iH 00 •H a C 
c 4-1 1 3 CM 43 3 M TO M 3 
o a Mi •H 3 M a G IS • 3 rH 3 C G 
•H 3 CN 3 3 M Mi 3 3 G 00 3 3 3 3 O 
r-H 4-1 O 4-1 Mi 3 M o TO G 3 C G 3 Mi 3 •H 
•H Mi CO 3 CM cm G M 3 3 Mi TO 3 40 
4*2 TO O 4*2 CM 43 3 3 c M 43 M 40 •H 00 tH Mi a 
0) 3 0) g M g O •H 3 a •H O > O H CM 3 
3 Mi CO cu O *H 3 X 3 3 Mi X Ml 43 3 Mi 





• • 4-1 M • Mi 
w 3 3 TO M CM 3 4*2 C 
Ph g O is 3 3 3 G TO Mi O 1—1 cd •H o o 3 rH O * TO Mi O *h e t—1 
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u c Mi 3 3 M 4-1 3 3 rH •H 3 Mi 3 
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CM 
•H CO 3 g IS 3 •H G 3 H CM IS 
X 4-1 3 Mi Mi 3 o G M G O G G 
H CN a •H 4-> 3 Mi 40 O G •H 3 O 3 Mi 
n G 3 M 00 3 3 3 3 • 3 i—i 
s CM Mi vO TO 3 3 o 3 3 4*2 3 3 3 cm 40 
o 3 4-1 3 O CM Mi IS 3 3 Mi H 3 a O O 
W l—l o CO 43 4—1 g g CM O rH 43 O tH 3 3 
cm 
1 1 
r . Mi g 00 CO 3 O 43 M IS 43 CM g 3 
cu 
H O •H 3 •H TO a IS 3 IS M 3 G H 
< 
Z • O CO o O O 3 •H 40 c g 
W i-1 /-s Mi CO Mi 3 3 Mi 2 M M IS 4-1 3 •H M 
> cel i-H 43 3 3 43 3 G O G tH 
§ 
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c 4-1 1 43 M 3 40 3 C 3 00 00 *H 3 
o CM Mi U 4-1 a M O T3 G G Mi g 3 
•H 3 CN 3 3 3 *H 3 •H •H G •H •H •H G 
Eh i—H 4-1 O 4-> 3 O Ml 3 Ml M M G IS 3 3 O • 
2 •H Mi CO 3 H IS H 3 3 CO C o 40 a M 
H 4*2 TO O 4*2 CM 3 g •H tH M 40 43 
a) cd CU g Mi 3 3 Mi 00 tH M TO G 
3 Mi CO cu O • 3 43 • 43 O • 3 O M •h e O 
is H cO 3 o »“H 4-1 4-1 CN M CM co 40 44 3 £ 3 TO 
Mi #» 
1 
4*i • TO 3 
3 
TO 
0) CO rH CO 3 Mi 3 Mi 4*2 
4-1 CO 3 4*2 TO 3 c 4*2 3 M O Mi 
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r-H O 43 3 3 Mi g CM g Mi 3 
3 4*2 3 Mi 43 O 3 3 3 3 3 40 
• • CO <U 43 Mi Mi 3 M 44 40 Mi Mi > M Mi a 
C 3 Mi 4-1 O 3 M M 3 •H O M 3 
o 4-1 •H IS M M 3 o 3 g 3 CM o 
•H cO 4-1 3 M 3 3 M 3 3 43 rH g M • 
4-1 Mi 3 O — 3 iH N 3 M M 3 1 O M 
O 4-1 CU CO rH •H 3 M G 43 co a 3 G 
p 4 3 CO TO iH 3 i—1 M •H 3 c M tH 3 
\D Mi c (U 3 •H So a 3 G Mi TO o So TO 3 g 
D- 4-1 o 43 g CM CM 3 • 40 3 5 G 3 CM G TO 3 
X CO g 4-1 Mi 3 o M 3 Mi g M 3 N O 3 O > 
o 00 c cu O CM u M 4*2 3 3 3 C/0 Mi •H • a g O 
u G •H TO O <H O > > 43 3 tH O 40 Mi 
o o 4-1 3 3 O O O 3 M 3 3 3 O M CM Mi rH Mi 3 •H M M 43 Mi g • M 40 M 3 O g 
X CO CU CO Mi 3 4*2 3 3 TO 3 Mi O G 3 3 •H 
4J C 40 3 3 TO 3 TO Ml 43 So 3 Mi iH 3 TO 3 Mi 
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<u Mi • O 3 O • Mi 40 • 3 3 tH O G 3 * O •H 3 
13 H rH CM rH 43 CN 3 M CO c iH 40 M 3 3 <r ^ IS C 
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APPENDIX F 
DEMOGRAPHIC STATISTICS BY INTERVENTION 
FOR THE SAMPLE 






















Place of birth 








Free lunch 14 
7 7 22 













6 8 21 
4 6 14 
3 2 10 
7 6 18 
5 7 20 
8 7 21 
1 1 
1 1 
7 6 20 
7 7 21 
14 14 42 
(continued, next page) 
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TI CAI CAI-R Overall 
Grade completed 
by parents 
2 1 1 
3 4 2 2 8 
4 1 1 
6 1 2 3 
7 2 2 1 5 
8 2 1 1 4 
9 1 4 2 7 
10 2 2 4 8 
11 1 2 1 4 
12 1 1 
Note. TI = traditional instruction; CAI = computer- 
assisted instruction? CAI-R = computer-assisted 
instruction with reinforcement. 
APPENDIX G 
CORRELATIONS OF MEAN NUMBER OF LETTERS CORRECTLY 
FORMED OVER TIME WITH MEAN SCORES ON THE 
VISUAL-MOTOR INTEGRATION (VMI), RAVEN, 
AND VISUAL-AURAL DIGIT SPAN (VADS) 
TESTS 
VMI Raven VADS 
Total sample 
Pretest .4364** .4224** ns 
Week 1 .4465** .4381** ns 
Week 2 .4806** .4651** ns 
Week 3 .5170** .5005** ns 
Week 4 .5123** .4952** ns 
Week 5 .5414** .5350** ns 
Week 6 .5119** .5213** ns 
Group 1, Traditional instruction 
Pretest ns .5571* ns 
Week 1 ns .6067* ns 
Week 2 ns .6214* ns 
Week 3 ns .6895* ns 
Week 4 .5807* .6991* ns 
Week 5 .6396* .7128* ns 
Week 6 .6712* .7086* ns 
Group 2, Computer-assisted instruction 
Pretest ns ns ns 
Week 1 ns ns ns 
Week 2 ns ns ns 
Week 3 ns ns ns 
Week 4 ns ns ns 
Week 6 ns ns ns 
(continued, next page) 
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VMI Raven VADS 
Group 3, Computer-assisted instruction with reinforcement 
Pretest ns ns ns 
Week 1 ns ns ns 
Week 2 .5477* ns ns 
Week 3 .5822* ns ns 
Week 4 .5354* ns ns 
Week 5 .5529* ns ns 
Week 6 .5529* ns ns 
*£< .05. **£< .001. 
BIBLIOGRAPHY 
Addy, P. , & Wylie, R. E. (1973). The "right" way to 
write. Childhood Education, 49, 253-254. 
Alston, J. (1985) . The handwriting of 7-9 year olds 
[Research Supplement]. British Journal of Special 
Education, 12, 66-72. 
Alston, J., & Taylor, J. (1987). Handwriting: Theory, 
research and implications for practice. New York: 
Nichols. 
Anderson, D. W. (1966). Handwriting research style and 
practice. In T. A. Horn (Ed.), Research on 
handwriting and spelling (pp. 18-28). Urbana, IL: 
National Council of Teachers of English. 
Askov, E. N., Otto, W., & Askov, W. (1970). A decade of 
research in handwriting: Progress and prospect. 
Journal of Educational Research, 64, 99-111. 
Askov, E. N., & Peck, M. (1982). Handwriting. In H. 
Mitzel, J. Best, & W. Robinowitz (Eds.), Encyclopedia 
of Educational Research (5th ed.) (Vol. 2) (pp. 764- 
769). New York: Free Press. 
Bailey, C. A. (1988). Handwriting: Ergonomics, assess¬ 
ment, and instruction. British Journal of Special 
Education, 15, 65-71. 
Bain, A. M. (1982). Written expression: Assessment and 
remediation for learning-disabled students. Learning 
Disability: An Interdisciplinary Journal, ]^, 49-61. 
Ball, W. E. (1986). Writing English script: An over¬ 
looked skill. ELT-Journal, 40, 291-298. 
Berch, H. G., & Lefford, A. (1967). Visual differen¬ 
tiation, inter-sensory integration and voluntary motor 
control. Monographs of the Society for Research in 
Child Development, 3_2(2, Whole No. 110). 
Bergman, K. E., & McLaughlin, T. F. (1988). Remediating 
handwriting difficulties with learning-disabled 
students: A review. British Journal of Special 
Education, 12, 10, 20. 
108 
109 
Berry, K. I. (1989). The VMI developmental test of 
visual-motor integration. Cleveland, OH: Modern 
Curriculum. 
Blalock, J. W. (1985, November 13). Oral language 
problems of learning-disabled adolescents and adults. 
Paper presented at the 36th Conference of the Orton 
Dyslexia Society, Chicago, IL. 
Blandford, B. J., & Lloyd, J. W. (1987). Effects of a 
self-instructional procedure on handwriting. Journal 
of Learning Disabilities, 20, 342-346. 
Bolen, J. E. (1965) . A study of manuscript writing and 
spelling achievement in the third grade. Dissertation 
Abstracts, 25, 6422. 
Bradley-Johnson, S., & Lesiak, J. L. (1989). Problems 
in written expression: Assessment and remediation. 
New York: Guilford Press. 
Brakel-Olson, V. L. (1990). The revising processes of 
sixth-grade writer with and without peer feedback. 
Journal of Educational Research, 84, 22-29. 
Brewer, N., Cunningham, S., & White, J. M. (1990). A 
computerized procedure for teaching letter formation 
skills to mentally retarded individuals. Journal of 
Educational Technology Systems, 18, 185-190. 
Briggs, D. (1980). A study of the influence of hand¬ 
writing upon grades using examination scripts. 
Educational Review, 32, 185-193. 
Burkhalter, B., & Wright, J. (19 84) . Handwriting 
performance with and without transparent overlays. 
Journal of Experimental Education, 52, 132-135 . 
Burns, P. C., & Bassett, R. (1982). Language arts 
activities for elementary schools. Boston: Houghton 
Mifflin. 
Byers, L. (1963) . Relationship of manuscript and 
cursive handwriting to accuracy in spelling. Journal 
of Educational Research, 57, 87-89. 
Carlson, K., & Cunningham, J. (1990). Effect of pencil 
diameter on the graphomotor skill of preschoolers. 
Early Childhood Research Quarterly, _5, 279-293. 
110 
Chase, C. I. (1986). Essay test scoring: Interaction of 
relevant variables. Journal of Educational Measure¬ 
ment, 23, 33-41. 
Collins, F. L., Baer, G. R., Walls, N., & Jackson, M. S. 
(1980) . The development of a behavioral assessment 
technique for evaluating gradual change in handwriting 
performance. Behavioral Assessment, 21, 369-387. 
Farrell, D. (1988). Strategies to teach handwriting for 
learning-disabled students. (ERIC Document Reproduc¬ 
tion Service No. ED 299 784) 
Farris, P. J. (1991). Handwriting should not become 
extinct. Language Arts, 68, 312-314. 
Fauke, J., Burnett, J., & Sulzer-Azaroff, B. (1973). 
Improvement of handwriting and letter recognition: A 
behavior modification procedure. Journal of Learning 
Disabilities, 6_, 296-300. 
Formsma, R. (1988) . Literature on evaluation of 
handwriting. (Eric Document Reproduction Service 
No. ED 298 504) 
Freeman, F. N. (1915) . An analytical scale for judging 
handwriting. Elementary School Journal, 15, 432-441. 
Fudin, R., & Lembessis, E. (1982). Note on criteria for 
writing used to test Levy and Reid's cerebral organi¬ 
zation hypothesis. Perceptual and Motor Skills, 54, 
551-556. 
Furner, B. A. (1969a). Recommended instructional 
procedures in a method emphasizing the perceptual- 
motor learning in handwriting. Elementary English, 
46, 1021-1030. 
Furner, B. A. (1969b). The perceptual-motor nature of 
learning in handwriting. Elementary English, 46, 
886-894. 
Furner, B. A. (1983). Developing handwriting ability: 
A perceptual learning process. Topics in Learning & 
Learning Disabilities, _3, 41-54. 
Furner, B. A. (1985, March). Handwriting instruction 
for a high-tech society: Will handwriting be 
necessary? Paper presented at the National Council of 
Teachers of English Spring Conference, Houston, TX. 
(ERIC Document Reproduction Service No. ED 257 119) 
Ill 
Garjarj, I. (1982). Remediation of handwriting 
difficulties. Special Education in Canada, 56, 16-18. 
Gee, M. (1989) . Start the "write" way. Reading, 23, 
150-159. 
Graham, S., & Miller, L. (1980). Handwriting research 
and practice: A unified approach. Focus on 
Exceptional Children, 13, 1-16. 
Graham, S., Boyer-Shick, K., & Tippets, E. (1989). The 
validity of the handwriting scale from the Test of 
Written Language. Journal of Educational Research, 
8_2, 166-171. 
Groff, P. (1961a). From manuscript to cursive--why? 
Elementary School Journal, 55, 554-560. 
Groff, P. (1961b). New speeds in handwriting. 
Elementary English, 38, 564-565. 
Groff, P. (1964). Who are the better writers—the 
left-handed or the right-handed? Elementary School 
Journal, 65, 92-96. 
Guiard, Y., & Millerat, F. (1984). Writing postures in 
left-handers: Inverters are hand-crossers. 
Neuropsychologia, 22, 535-538. 
Hall, S. E. M. (1985) . 7-1/2 ways to kill young writers. 
Journal of Teaching Writing, 4_, 178-182. 
Hancock, J., & Alston, J. (1986). Handwriting skills in 
children with spina bifida: Assessment, monitoring, and 
measurement. British Journal of Special Education, 13, 
155-158. 
Hanover, S. (1983). Handwriting: Comes naturally? 
Academic Therapy, 18, 407-412. 
Hayes, D. (1982). Handwriting practice: The effects of 
perceptual prompts. Journal of Educational Research, 
75, 69-72. 
Helwig, J. J., Johns, J. C., Norman, J. E., & Cooper, 
J. 0. (1976) . A brief technical report on the 
measurement of manuscript letter strokes. Journal of 
Applied Behavioral Analysis, 9_, 231-236 . 
112 
Herman, R., & Singer, V. H. (1989). Write Now for the 
Apple lie, lie and Ilgs. (ERIC Document Reproduction 
Service No. ED 311 888) 
Herman, R., & Singer, V. H. (1990). Write Now for the 
IBM PC [Computer program]. Wantagh, NY: Singer 
Consultants Custom Software. 
Herrick, V. E. (1960). Comparison of practices in hand¬ 
writing advocated by nineteen commercial systems of 
handwriting instruction. Madison: University of 
Wisconsin, Committee on Research on Basic Skills. 
Herrick, V. E., & Okada, N. (1970). The present scene: 
Practice in the teaching of handwriting in the U.S. 
In V. E. Herrick (Ed.), New horizons for research in 
handwriting (pp. 17-32). Madison: University of 
Wisconsin Press. 
Hildreth, G. (1960). Manuscript after 60 years. 
Elementary English, 37, 3-13. 
Hill, D. S., Gladden, M. A., & Porter, J. P. (1982). 
Variables affecring transition from wide-spaced to 
normal-spaced paper for manuscript handwriting. 
Journal of Educational Research, 76 , 50-53 . 
Hoffman, L. P. (1990). The development of literacy in 
a school-based program. Topics in Language Disorders, 
1£, 81-92. 
Hopkins, B. L., Schutte, R. C., & Garton, K. L. (1971). 
The effects of access to a playroom on the rate and 
quality of printing and writing of first- and second- 
grade students. Journal of Applied Behavior Analysis, 
4, 77-87. 
Hughes, D. C., Keeling, B., & Tuck, B. F. (1983). 
Effects of achievement expectations and handwriting 
quality on scoring essays. Journal of Educational 
Measurement, 20, 65-70. 
Jackson, A. D. (1971) . A comparison of speed and 
legibility of manuscript and cursive handwriting of 
intermediate grade pupils (Doctoral dissertation, 
University of Arizona, 1970) . Dissertation Abstracts 
International, 31, 4383A-4384A. 
Johnson, S. (1984, January 8). The writing problem: 
~ Whatever became of Palmer? The New York Times, 
pp. 47-48. 
113 
Jones, J. C., Trap, J., & Cooper, J. C. (1977). 
Technical report: Student's self-recording of 
manuscript letter strokes. Journal of Applied 
Behavioral Analysis, 10, 509-514. 
Kahn, H. , Spears, J. , & Rivera, L. (1977). Applicability/ 
of Raven Progressive Matrices tests with school 
children in Puerto Rico. Hato Rey, Puerto Rico: 
Department of Education. 
Kaufman, H. S., Biren, P. L. (1929). Cursive writing: 
An aid to reading and spelling. Academic Therapy, 15, 
209-219. 
Koenke, K. (1986). ERIC/RES: Handwriting instruction-- 
what do we know? Reading Teacher, 40, 214-216. 
Koppitz, E. M. (1977). The Visual Aural Digit Span test. 
New York: Grune & Stratton. 
Lally, M. (1981a, March). Computer-assisted handwriting 
instruction and visual/kinaesthetic feedback processes. 
Paper presented at the Conference on Research in Mental 
Retardation and Developmental Disabilities, Gatlinburg, 
TN. (ERIC Document Reproduction Service No. ED 216 
687) 
Lally, M. (1981b). Computer-assisted instruction for the 
development of basic skills with intellectually handi¬ 
capped school children. Paper sponsored by the 
Australian Education Research and Development 
Committee, Canberra. (ERIC Document Reproduction 
Service No. ED 222 170) 
Lally, M., & MacLeod, I. (1982). Development of skills 
through computers: Achieving an effective, enjoyable 
learning environment. Impact of Science on Society, 
3_2, 449-460. 
Lally, M., & MacLeod, I. (1984a, March). The look and 
feel of handwriting: Computer-based instruction. In M. 
M. Bechmann (Ed.), Proceedings of the National 
Conference on the Use of Micro-Computers in Special 
Education (Section 4). Hartford, CT: Council for 
Exceptional Children. (ERIC Document Reproduction 
Service No. ED 244 447) 
Lally, M., & MacLeod, I. (1984b, April). Changing the 
face of classroom computers. Education News, pp. 12-16. 
At 
Lamme, L., & Ayres, B. (1983). Is the handwriting of 
beginning writers influenced by writing tools? Journa1 
of Research and Development in Education, 17, 32-38. 
114 
Lazio, J. I., & Bairstow, P. J. (1984). Handwriting 
difficulties and possible solutions. School Psychology 
International, _5, 207-213 . 
Levy, J. (1982) . Handwriting posture and cerebral 
organization: How are they related? Psychological 
Bulletin, 91, 589-608. 
Levy, J., & Reid, M. (1976). Variations in writing 
posture and cerebral organization. Science, 194, 
337-339. 
Levy, J., & Reid, M. (1978). Variations in cerebral 
organization as a function of handedness, hand posture 
in writing, and sex. Journal of Experimental 
Psychology: General, 107, 119-144. 
Lezak, M. D. (1983). Neuropsychological assessment 
(2nd ed.). New York: Oxford University Press. 
Lindsay, G., & McLennan, D. (1983). Lined paper: Its 
effects on the legibility and creativity of young 
children's writing. British Journal of Educational 
Psychology, 53, 363-368. 
Mabee, W. S. (1988). The effects of academic positive 
practice on cursive letter writing. Education and 
Treatment of Children, 11, 143-148. 
MacLeod, I., Jackson, J. J., & Eulenberg, J. B. (1980). 
A multisensory electronic system for developing 
handwriting skills with blind trainees. In S. H. 
Lavington (Ed.), Information processing eighty (pp. 
945-950). New York: North-Holland. 
MacLeod, I., & Lally, M. (1981). The effectiveness of 
computer controlled feedback in handwriting instruction. 
In R. Lewis & D. Tagg (Eds.), Computers in education 
(pp. 291-296). New York: North-Holland. 
MacLeod, I., & Procter, P. (1979). A dynamic approach 
to teaching handwriting skills. Visible Language, 13, 
29-42. 
Manning, M. L. (1988). Review of research in handwriting 
instruction. Childhood Education, 66, 112-114. 
Manning-de Cremiers, L., & Fernandez-Ballesteros, R. 
(1982). Dependencia-independencia de campo y diferen- 
ciacion hemisferica y asimetria izquierda en una 
reproduccion de letras [Field dependency-independency 
and hemispheric lateralization: Left lateralization in 
a task of letter reproduction]. Revista de Psicologia 
General y Aplicada, 37, 637-745. 
115 
Mclnerney, J. (1988, November). Polishing the whole act. 
Paper presented at the Indiana University Fall Language 
Arts Conference, Bloomington. (ERIC Document 
Reproduction Service No. 304 664) 
McKinlay, S. (1986). Green-Cross-Code for handwriting. 
Reading, 20, 189-196. 
McLaughlin, T. F. (1983). Effects of self-recording for 
on-task and academic responsing: A long-term analysis. 
Journal of Special Education Technology, 6_, 5-12. 
McLaughlin, T. F., & Malaby, J. (1972). Intrinsic 
reinforcers in a classroom token economy. Journal of 
Applied Behavior Analysis, _5, 263-270. 
Miller, L. K., & Schneider, R. (1970). The use of a 
token system in project Head Start. Journal of Applied 
Behavior Analysis, _3/ 213-220. 
Milone, M. N., & Wasylyk, T. M. (1981). Handwriting in 
special education. Teaching Exceptional Children, 14, 
58-61. 
Moss, R. K. (1989). Big pencils for small writers: A 
message from a mother. Journal of Teaching Writing, 
8, 77-83. 
Nelly, E. (1982) . Penmanship: Neglected tool in 
teacher's preparation. Teacher Educator, 18, 26-32. 
Norusis, M. J. (1986). The SPSS guide to data analysis. 
Chicago: SPSS. 
Otto, W., & Rarick, L. (1969). Effect of time of 
transition from manuscript to cursive writing upon 
subsequent performance in handwriting, spelling, and 
reading. Journal of Educational Research, 62, 211-216. 
Pagano, R. R. (1984). Understanding statistics in the 
behavioral sciences. St. Paul, MN: West. 
Peacock, M., & Breese, C. (1990). Pupils with portable 
writing machines. Educational Review, 42 , 41-56 . 
Peck, M., Askov, E. N., & Fairchild, S. H. (1980). 
Another decade of research in handwriting: Progress and 
prospect in the 1970's. Journal of Educational 
Research, 73, 283-298. 
116 
Phelps, J., & Stempel, L. (1987a). Handwriting: 
Evolution and evaluation. Annals of Dyslexia, 37, 
228-239. — 
Phelps, J. , & Stempel, L. (1987b). Revision an "Re¬ 
news and views of writing. (ERIC Document Reproduction 
Service No. ED 292 282) 
Raven, J. C., Court, J. H., & Raven, J. (1983). Manual 
for the Raven's Coloured Progressive Matrices. London: 
H. K. Lewis. 
Roessler, M. (1988). MI have good brains up here": 
Coping with computers as authority figures. Michigan 
Social Studies Journal, _2, 151-157. 
Rubin, N., & Henderson, S. (1982). Two sides of the same 
coin: Variation in teaching methods and failure to 
learn to write. British Journal of Special Education, 
9, 17-24. 
Sachs, J., & Logan, L. (1985). Reactions of the target 
teacher and administrator population prior to 
implementation. Handwriting Implementation Study 
Report #2. (ERIC Document Reproduction Service No. 
ED 258 208) 
Salend, S. (1987). A multidimensional approach to 
remediating sinistral handwriting defects in a gifted 
student. Pointer, 29, 23-28. 
Sasson, R., Nimmo-Smith, I., & Weng, A. M. (1986). An 
analysis of children's penholds. In H. S. Kao, 
G. P. Van Galen, & R. Hoosain (Eds.), Graphonomics: 
Contemporary research in handwriting. Amsterdam: North 
Holland Press. 
Sattler, J. M. (1980). Assessment of children (3rd ed.). 
New York: Jerome M. Sattler. 
Savage, J. F. (1977). Effective communication: Language 
arts instruction in elementary schools. Chicago: 
Science Research Associates. 
Sax, G. (1980). Principles of educational and psycho¬ 
logical measurement and evaluation (2nd ed). Belmont, 
CA: Wadsworth. 
Sims, E. V., & Weisberg, P. (1983). Behavior analysis of 
beginning manuscript handwriting. Birmingham: 
University of Alabama, Department of Psychology. 
117 
Sloan, C. A., & McGinnis, I. (1978). The effect of 
handwriting on teacher's grades for high school essays. 
(ERIC Document Reproduction Service No. ED 220 836) * 
Storch, I. S. (1987). Helping learning-disabled students 
improve their handwriting skills. (ERIC Document 
Reproduction Service No. ED 299 758) 
Stowistschek, J. J. (1987). I'd rather do it myself: 
Self-evaluation and correction of handwriting. 
Education and Treatment of Children, 10, 209-224. 
Sulzer-Azaroff, B., & Mayer, G. R. (1986). Achieving 
educational excellence. New York: Holt, Rinehart & 
Winston. 
Sulzer-Azaroff, B., & Reese, E. P. (1982). Applying 
behavioral analysis: A program for developing 
professional competence. New York: Holt, Rinehart, & 
Winston. 
Tamashiro, R. T. (1983, November). The electronic 
chalkboard and other group instructional uses of the 
computer. Paper presented at the Annual Meeting of the 
National Middle School Association, Chicago, IL. (ERIC 
Document Reproduction Service No. ED 237 344) 
Tarnopol, M., & de Feldman, N. (1987). Handwriting and 
school achievement: A cross-cultural study. In J. 
Alston, & J. Taylor, Handwriting: Theory, research and 
implications for practice (pp. 189-216). New York: 
Nichols. 
Templin, E. M. (1963). The legibility of adult 
manuscript-cursive handwriting styles. In V. E. 
Herrick (Ed.), New horizons for research in handwriting 
(pp. 85-200). Madison: University of Wisconsin Press. 
Thornburg, D. D. (1980). The PrestoDigitizer Tablet: A 
low-cost alternative to data entry keyboards. 
Recreational Computers, 8_, 16-18. 
Tiedt, I. M. (1983). The language art handbook. 
Englewood, NJ: Prentice-Hall. 
Tovar, M., & Barker, N. (1986). Field test evaluation 
of educational software: A description of one approach. 
Canadian Journal of Educational Communication, 15, 
177-190. 
118 
Towle, M. (1978). Assessment and remediation of hand¬ 
writing deficits. Journal of Learning Disabilities, 
11, 370-377. 
Trap, J. J., Milner-Davis, P., Joseph, S., & Cooper, 
J. D. (1978). The effects of feedback and 
consequences on transitional cursive letter formation. 
Journal of Applied Behavior Analysis, 11, 381-393. 
Trap-Porter, J. J. (1983). Space size and accuracy of 
second- and third-grade students' cursive handwriting. 
Journal of Educational Research, 76, 231-233. 
Waggoner, J., Lanuziata, L., Hill, D., & Cooper, J. 
(1981). Space size and accuracy of kindergarten and 
first-grade students' manuscript writing. Journal of 
Educational Research, 74, 182-184. 
Walsh, K. (1987). Neuropsychology: A clinical approach 
(2nd ed.). New York: Churchill. 
Wellman, M. W. (1983). Teaching handwriting: 
Implications of neuropsychological research. Reading 
Improvement, 20, 54-57. 
Wessel, D. (1984, June 27). Pupils are minding their p's 
and q's. Wall Street Journal, p. 1. 
White, J. M. , Cunningham, S., & Brewer, N. (1989). 
Computer-assisted instruction in letter formation 
skills. Journal of Computer-Based Instruction, 16, 
122-125. 
Ziviani, J. (1983). Quantitative changes in dynamic 
tripod grip between seven and fourteen years of age. 
Developmental Medicine and Child Neurology, 25, 
778-782. 
Ziviani, J., & Elkins, J. (1984). An evaluation of 
handwriting performance. Educational Review, 36, 
249-261. 
Ziviani, J., & Elkins, J. (1986). Effect of pencil grip 
on handwriting speed and legibility. Educational 
Review, 38, 247-257. 


